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SECTION 1.0

SUMMARY

An integrated series of studies was conducted in the North
Shelf of the Bering Sea in 1982-83 to provide information
assessment of potential impacts of oil and gas exploration and
ment on benthic biota-sea otter interactions. Most of the

Aleutian
for the

develop-
previous

studies in the Bering Sea were conducted further offshore, removed from
the large sea otter population. The objectives of the study were to

determine the distribution of the major infaunal and epifaunal communi-

ties, the seasonal distribution and abundance of sea otters, the trophic
relationships between sea otters and the benthic communities and the
impacts of oil and gas exploration and development on these relation-
ships. Three cruises were conducted during the spring, sumner and fall
of 1982 to investigate the benthic systems and to collect sea otter
scats; four aerial surveys were flown during these same periods, as well
as in March 1983, to investigate seasonal changes in sea otter habitat
use.

The nearshore, shallow habitat (0-20 m) is homogeneous and consisted of
well-sorted sands inhabited by an infaunal  community with few species

characterized by the razor clam Siliqua patula. Deeper habitats were
more variable, with areas near the coastal embayments dominated by sand
and inhabited by a rich infaunal community dominated by the sand dollar
Echinarachnius
embayments had
rich infaunal

parma and clams. Other
greater amounts of gravel
community characterized

deep areas removed from the

and are inhabited by a third,
by polychaetes,  particularly

Oweni a. The major epifaunal communities were dominated by yellowfin
and rock sole and overlapped more with each other than did the infaunal
communities. The distribution of thses communities corresponded with
substrate type and distance from embayments.

1



Sea otter abundance varied significantly with season, with the popula-

tion nearly ten times greater in the sumner than the winter. Highest

habitat usage was in the Izembek Lagoon region and along the shallow,
nearshore areas. Seasonal migration of the population is believed
to occur from the Pacific through False Pass and Bechevin Bay into the
Bering Sea. Seasonal and spatial distribution and abundance corres-
ponded with the abundance of flatfish and crabs. The population of sea
otters is believed to be feeding in the study area primarily on a diet
composed of crabs, bivalves, fish and perhaps sand dollars, all of which
are abundant in the benthos and are consistent with results from other
Alaskan areas. The size of the sea otter population in the sumner of
1982 did not differ significantly with results obtained in 1976. The
movement of ice into the study area during the winter and spring of 1982
did not appear to affect the population significantly since most of the
population was not present in the study area at that time.

A review of the literature indicates that oil slicks and blow-outs pose
the most serious threats to the sea otter, particularly by fouling their
fur. Additional impacts have been more indirect and involve disturbing
feeding activity by blocking foraging areas or tainting prey items

and/or sediments. The region off Izembek Lagoon, which was located in
the study area, and probably Bechevin Bay and False Pass as well, are
considered critical habitats to this population of sea otters. Addi-
tional sea otter studies on seasonal migration, population structure,
feeding biology and responses to oil are recommended to more accurately
determine potential impacts of oil and gas exploration and development.

2



SECTION 2.0

INTRODUCTION

2.1 Scope of Study

Proposed oil and gas exploration and development in the North Aleutian

Shelf area of the Bering Sea has resulted in the need to provide the
Bureau of Land Management (BLM) with information needed to make deci-
sions and recommendations regarding oil lease areas; studies providing

this information are managed through the Ocean Assessments Division of
the National Ocean Services in the National Oceanic and Atmospheric
Administration ( NOAA).

The North Aleutian Shelf and Bering Sea in general is one of the richest
fishery areas in the world and supports large populations of marine
mammals, including sea otters. In contrast to the vast amount of

information known about the deeper offshore areas, considerably less is
known regarding the physical habitats, biota and dynamics of the near-
shore system. This study investigated the benthic components of the
nearshore ecosystem and their structural and functional interactions
with the local sea otter population.

2.2 Specific Objectives

The specific objectives of this study were to describe: 1) the physical
environment; 2) the dominant infaunal communities; 3) the dominant
epifaunal communities; 4) the local sea otter population; 5) the prey of
the sea otters and the dominant epibenthos; and 6) the potential impacts
of oil and gas exploration and development on sea otter-benthic inter-
actions.

3



2.3

This

Relevance to Petroleum Development

study provides the first intensive investigation of the dominant
and ecologically important bottom communities in the nearshore region
and their importance to the sea otter population. This information
provides the basis for addressing specific issues regarding impacts of
oil and gas exploration and development on the biota. The impacts on

the sea otter need to be addressed due to their status as a threatened
species and their role as a top carnivore in the area. Studies on the
distribution of the dominant epifaunal organisms and communities are
important since many of the finfish and shellfish species are commer-

cially important and are prey items of the otters. Investigations of
the dominant infaunal communities provide additional information on

both prey items of the sea otter and important epifauna.  Understanding

trophic interactions among the infauna, epifauna and sea otter is

important since impacts may occur directly on the otter and/or indirect-
ly on their feeding, an activity that requires approximately 30 percent
of their time. Finally, knowledge of the physical environment enables
an integration of the physical factors, infauna, epifauna and sea
otters and provides an understanding of the forces that drive this
sys tern.

4



SECTION 3.0

STUDY AREA

The study was conducted in the North Aleutian Shelf (NAS) which is
located in the southeast portion of the Bering Sea (Figure 3.0-1). This

area represents the southwestern extension of the coastal domain, a
nearshore hydrographic region defined as the area of the Continental

Shelf landward of the 50 m isobath. Other areas of the Bering Sea, the
Middle Shelf Domain (50-100 m in depth) and Outer Shelf Domain (100-200
m in depth), have received more attentiOfI  (see SeCtiOrl  4.0).

The initial study area extended from Cape Mordvinof on Unimak Island to
Cape Leontovich on the Alaska Peninsula and included the area from shore
to the 50 m contour (Figure 3.0-2). These boundaries marked the highest
concentration of sea otters in the area according to Schneider (1976).
The study area was later extended west to Cape Sarichef and east to Cape
Seniavin, and offshore to 60 m to accommodate field time with other
projects. The added area is inhabited by a smaller number of otters and
therefore provides a contrasting environment to the original, high dense
otter habitat around Izembek Lagoon and Bechevin Bay.
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SECTION 4.0

CURRENT STATE OF KNOWLEDGE

The number and scope of studies in the NAS region have increased in
recent years as a result of interest in oil and gas exploration and
development in the area. Much of this literature has been summarized in

the form of review articles (Hood and Calder 1981) and as reports
from synthesis meetings (Armstrong, et al. In prep.; Thorsteinson and
Thorsteinson 1982). The following discussion highlights the current

state of knowledge for the NAS, especially the nearshore area.

Physical Environment. Overall hydrographic conditions and processes on
the eastern Bering Sea shelf are dominated by seasonal advances and
retreat of ice cover and extensive fresh water discharge during spring
and surmner (Ingraham 1981). Ingraham (1981) identified three domains
with distinct differences in water mass characteristics (Figure 3.0-1).
The inner, or coastal domain extends landward from the 50 m isobath,
forming a narrow region along the northern shore of the Alaska Penins-
ula. Water in the coastal domain is well mixed due to hydrographic and
climatological  events and as a result is hydrographically separated
from the vertically stratified regime found seaward. A weak cyclonic
circulation is evident around the perimeter of Bristol Bay in the
coastal zone (Cline, et al. 1981). Seasonal variability within the
study area has not been investigated.

The coastal zone of the
ment characterization.
been reported by Burrell
et al. (1981). Results

NAS has not been extensively sampled for sedi-
Results from a small number of stations have

5 et al. (1981), Haflinger (1981) and McDonald,
indicate that the nearshore zone has sediments

composed primarily of coarse to fine sands as well as silt; gravel areas
were found off Unimak Pass and to the northeast of Port Moller. Along-
shore and offshore variability in the study area has not been examined.

8



Benthic Infauna. Most of the information available concerning benthic
infauna of the nearshore zone has been reviewed in Hood and Calder

(1981). Previous infaunal  surveys noted a higher biomass of inverte-
brates in the nearshore region offshore than at greater depths of the
southeast Bering Sea shelf (Feder and Jewett 1981; Haflinger 1981).
Specific studies on the distribution and abundance of selected bivalves
species were conducted off Izembek  Lagoon and Port Heiden (McDonald et
al. 1981) and between Port Moller and Ugashik Bay (Hughes and Bourne
1981 ) . Studies have not examined alongshore  and offshore variability
within the study area.

Benthic Epifauna. The benthic epifauna has been poorly sampled in the

nearshore zone of the southeastern Bering Sea. A few stations were

sampled between Unimak Island and Port Heiden by Feder and Jewett

(1980); results indicate that red king crabs, Tanner crabs and seastars
were the dominant organisms, The pelagic fish, bottom fish and
fish resources of the Bering Sea have been extensively studied in
waters in relation to the commercial efforts directed towards a
of important species including:

Paralithodes  camtschatica
Chionoecetes bairdi
~. opilio
Theragra chalcogramma
Gadus macrocephalus
Limanda aspera
Hippoglossus stenolepis
Clupea harengus pallasi
Lepidopsetta bilineata
Hippoglossoides elassodon
Pleuronectes quadritubercalatus
Isopsetta isolepis

The nearshore area is important for the

Red king crab
Tanner crab bairdi
Tanner crab opilio
Walleye pollock
Pacific cod
Yellowfin sole
Pacific halibut
Pacific herring
Rock sole
Flathead sole
Alaska plaice
Butter sole

shell-
deeper
number

migration of some organisms and
perhaps as nursery and rearing area for several species (Bakkala 1981;
Best 1981; Favorite and Laevastu  1981; Pereyra et al. 1976); Smith 1981;

9



Thorsteinson and Thorsteinson 1982; Wespestad  and Barton 1981). Salmon
are extensively fished in the Bristol Bay area, and the nearshore zone
is an important habitat for migrating adults and juveniles (Straty 1981;
Thorsteinson and Thorsteinson 1982).

Sea Otters. Information regarding the sea otter population in the area
has been reviewed by Kenyon ( 1969) and Schneider ( 1976, 1981). They
reported that the area supports a large population (over 15,000 otters)
including some of the largest pods (1,000 individuals) ever observed.

Winter ice is believed to limit the northeast extension of this popula-

tion in Bristol Bay (Kenyon 1969; Schneider 1976, 1981). Studies
regarding their seasonal habitat use have not been conducted.

Trophic Interactions. Knowledge of the feeding biology of otters is

limited to gut analyses from three animals in the Bering Sea (Kenyon
1969). The data (volume of stomachs) indicate feeding primarily on
clams, hermit crabs and fish. The trophic interaction between the
shallow benthic communities and the sea otters has not been previously
addressed.

10



SECTION 5.0

METHODS AND MATERIALS

This study involved the integration of several field programs to address
the six objectives. A summary of the methods used is provided in Table

5.0-1 with details of the field and laboratory procedures for each task
discussed in the following subsections. An outline of the seven field

trips involved in these studies is provided in Table 5.0-2.

5.1 Physical Environment

Physical parameters pertinent to the biota, namely surface and bottom
temperatures and salinities as well as sediment parameters, were
measured.
with four
October of

These were monitored along a sampling grid of 11 transects
depth contours (10, 30, 50 and 60 m) in June, August and
1982 (Table 5.1-1 and Figure 5.1-1).

Temperature and salinity (or conductivity) data were measured using the
NOAA vessels CTD system. Sediment samples were taken from 0.25 m2 Van
Veen grab; three replicate core samples were obtained by inserting a 3
cm tube through the grab sample. Contents were transferred to plastic
bags, frozen and returned to the laboratory. Grain size analysis
followed procedures in Standard Methods for Particle Size Analysis (ASTM
1972) with modifications ( see Appendix A) . Data for each sample were
reduced to calculate percent silt, percent sand, percent gravel, mean
phi, geometric mean diameter (Loptspeich  and Everest 1981) and sorting
index (Krumbein and Pettyjohn 1938).

5.2 Benthic Infauna

Infaunal  samples were taken with a Van Veen grab in order to provide
comparable data to previous studies (Stoker 1981). An unweighed, 0.25

11



TABLE 5.0-1

SUMMARY OF METHODS USED FOR PROJECT TASKS

Task/Objectives Equipment Sampling Scheme Data Generated Products (Analysis)

1. Physical Factors

Describe physical
environment

2. I nfauna

Determine major
infaunal communities

3. Epifauna
+w Determine major

epifaunal communities

4* Sea Otters

Determine distribution/
abundance of sea otters

5. Trophic Interactions

Determine sea otter
food web

6. Impact of Oil and Gas

Determine impacts on
sea otters and their
hab i tat

0.25 mz Van
Veen grab

CTD

0.25 mz Van
Veen grab

Trynet trawl

Aerial
surveys

Sea otter
scats, fish
guts

Literature

Grid of 11 transects
with 4 depth contours
in June, August, Octo-
ber 1982

Grid of 11 transects
with 4 depth contours;
1-5 replicates; June,
August, October 1982

Grid of 11 transects
with 4 depth contours;
1-2 replicates; June,
August, October 1982

Contiguous quadrats
(2 x 0.1 miles)
along 43 transects

Beach surveys; 1 to 2
species of flatfish on
2 transects at 2
depths

Computer and manual
searches

Sediment parameters; Spatial and seasonal
surface and bottom
temperatures,
salinity

Densities of in-
faunal species
greater than 1.0
mm

Densities and
biomass

Densities

Prey frequency per
scat; prey number
and volume per
fish stomach

means

Dominant communities
(cl uster analysis);
population trends
( ANOVA/Duncan)

Dominant communities
(cluster analysis);
population trends
(ANOVA/Duncan)

Population trends
(ANOVA/Duncan)

Fish, sea otter
diets; area food
web

Impact-response matrix



TABLE 5.0-2

OUTLINE OF FIELD TRIPS

Data Collected
Dates A T/S S I E G SC O(a) Vessels or Aircraft

June 6-9, 1982

June 10 -
July 2, 1982

August 4-9, 1982

August 9-24, 1982

October 15-23, 1982

October 23-28, 1982

March 10-12, 1983

(d) A
T/S ~
s =
I =
E =
G =
Sc =

o =

● Gruman Goose

● ● O* ● 0 NOAA ship Miller
Freeman; Mm
~

● Gruman Goose; Piper
Navaho

● ●  C c o ● * NOAA ship Miller
Freeman; ~
~

● ● ☛☛ ● 0 NOAA ship Discoverer

● Piper Navaho

● Piper Navaho

Aerial surveys, sea otters
Temperature and salinity
Sediment cores
Infaunal grabs
Epifaunal trawls
Flatfish guts
Sea otter scats
Sea otter feeding observations

13
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TABLE 5.1-1

LIST OF BENTHIC  STATIONS, DATES AND SAMPLES OBTAINED

Depth Samples

Station Contour Location June August October
Transect (m) Latitude Longitude HSIEGHSIEGHSIEG(a~

1 20
30
50
60

2 10
30

:;

3
8
50
60

4 10
30
50
60

A4 20
30
50
60

::
50
60

10
30
50
60

54°39.5’
54°40.2’
54°42.1’
54°44.1’

54°58.6’
55°00.9’
55°05.5’
55°09.0’

55°06.3’
55°07.2’
55°13.8’
55°20.2’

55°17.1’
55021.2
55°28.4’
55°28.9’

55°25.9’
55028.1
55°34.9’
55°38.2’

55°15.4’
55°31.8’
55°41.8’
55°44.4’

55°46.0’
55°46.9’
55°52.6’
56°39.6’

164°45.1’
164°45.3’
164°49.0’
164°48.8’

164°06.1’
164°09.6’
164°13.9’
164°24.0’

163°26.7’
163°28.8’
163°33.1’
163°39.9’

162°58.0’
163°01.8’
163°07.8’
163°23.1’

162°50.2’
162°53.2’
162°58.2’
163°04.0’

163°03.6’
162°34.0’
162°42.1’
162°49.4’

162°07.7’
162°09.8’
162°16.4’
160°27.3’

● 0 ●

●

●

●  0 0
●  0 0 0

●  * * *

●

●  * * *

●  * * O

● *
●  0 0

● *

S* ●

●  0 0 0
●  O *

●  * * e

●

●  * O

●

●

●

● ☛

●  0 0 0
●

● 0 ●  0 0 0

● * ● ,

●

●  * b *

9*OO

● 0 ●

●  * * *

●  * * *

●  * e

●

●
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TABLE 5.1-1

(continued)

Depth Samples
Station Contour Location June August October
Transect (m) Latitude Longitude H S I E G H S I E G H S I E  G(a)

8 10
30
50
60

9

10

30
50
60

55°54.7’
55°58.3’
56°01.6’
56°05.4’

56°05.2’
56°11.5’
56°26.5’

56°01.7’
56°03.5’
56°09.8’
56°19.5’
56°26.4’

56°24.0’
56°29.6’
56°34.8’
56°35.1’

161°44.5’
161°46.9’
161°49.0’
161°55.3’

161°04.9’
161°12.2’
161°07.2’

160°37.4’
160°43.6’
160°45.2’
160°53.7’
161°04.0’

160°09.5’
160°14.5’
160°20.4’
160°22.0’

●  * O *

●  ✠ ☛ ☛

●  o * a
●

●  0 0
●  O *

●  m *
●  * *
●  o *

●

●

● ●

● 0

● ●

● ● O ●

● b ●

●

●

4
● O

(ii)  H=

s =
I =
E=
G=
● =

Hydrography (surface and bottom temperature, bottom salinity)
Sediment
Infauna
Epifauna
Guts, flatfish
Samples obtained
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m2 grab was used in place of the desired weighted, 0.10 m2 grab due to
equipment unavialability. Samples were taken along a grid composed of

11 transects and four depth contours to survey the entire study area
(Figure 5.1-1). Between one and five grabs were taken per station to
compare within and between station variability. Samples were taken in

June, August and October to examine seasonal variability of the infauna
and for comparisons of available prey with sea otter abundance (Table

5.1-1).

Contents of each grab were sieved through a l.Ornn screen, fixed with 10
percent buffered formalin and stained with rose bengal. Samples with

large amounts of gravel were sorted in the field to separate the organ-
isms from the large volume of retained sediments. In the laboratory,

samples were sorted to major taxa and identified to the lowest practical
taxonomic level and counted. Voucher samples of all species were sent

to the California Academy of Sciences and the Smithsonian Institution.

Data analyses involved cluster analysis for community data and analysis
of variance (ANOVA) for population data. Cluster analysis using EAP

( 1982) involved a square root transformation of al 1 data and appropriate
standardizations (square root of species means for analysis of sites and
square root of species maximum for analysis of species). Dissimilari-

ties or distances among the entities (sites or species) were calculated
using the Bray-Curtis index (Bray and Curtis 1957). Formation of the
two dendrograms and the two-way matrix of site and species groups
involved flexible sorting with the addition of a step across distances

re-estimation for the species groupings and the two-way matrix.

Population data were first analyzed using ANOVA (SAS 1982) to determine
which environmental factors (depth and area) corresponded significantly
(p<.05)  with abundance values. A general linear model was used since

the number of replicates among the different parameters were not equal.
A Duncan multiple range test was also conducted on these data to note
significant variability among all combinations of factors (e.g., tran-
sect 1 - depth 10 m - October with transect 10 - depth 60 m - June).

17



5.3 Benthic Epifauna

Epifaunal samples were taken with a trynet trawl equipped with a tickler
chain to pick up organisms in the surface sediments. Originally an

eastern otter trawl, fished for one-half to one hour, was chosen to

provide results directly comparable to previous offshore studies. Such

sampling resulted in over 11,000 pounds of fish caught per trawl and
involved over 25 person hours to process. Instead, 20-minute trynet

trawls were used since this procedure provided a more descrete sample of
the bottom with less chance of sampling multiple habitats. Samples were

taken during all three sampling dates and along the same sample grid as
the physical data and infaunal samples (Table 5.1-1).

the trawls were separated by
level, placed in pre-weighed

counted. Smaller organisms

Fish and large invertebrates collected in

species or the lowest practical taxonomic
baskets, weighed to the nearest ounce and
were weighed on a triple beam or spring balance and counted. Al 1
species were vouchered. Vouchers were identified and/or verified in the
laboratory. Data analyses were identical to those conducted for the
infauna (Section 5.2) and involved cluster analyses for the community
data and ANOVA/Duncan  tests for the population data.

Sea Otters

sea otter population was monitored using the same aerial transects
procedures establ i shed by Schneider ( 1976). These transects covered
entire study area and provided offshore variability out to 32 miles

5.4

The

and
the

(Figure 5.4-1). Two observers were seated on each side of the plane.
Each observer viewed a 0.1 mile strip of ocean below them using a strip
of tape on the window as a guide to surface area. The plane flew along
the transects at an altitude of 150-200 feet at 100 miles/hour. The
total number of otters and presence of pups was logged along with the
time from the beginning of the transect. These transects were flown in
1982 during June, August and October and in March 1983 to establish
seasonal variability in habitat use (Table 5.4-l).
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TABLE 5.4-1

LIST OF AERIAL TRANSECTS AND MONTHS SAMPLED

1982 1983 1982 1983
Transect Longitude June August October March Transect Longitude June August October March

2
3
4
5
6
7
8
9

10
11
12
13
14

;:
17

;:
20
21

164°50 ‘
164°45 ‘
164°40 ‘
164°35 ‘
164°30 ‘
164°25 ‘
164°20 ‘
164°15’
164°10’
164°05 ‘
164°00 ‘
163°55 ‘
163°50 ‘
163°45 ‘
163°40 ‘
163°35 ‘
163°30’
163°25’
163°20 ‘
163°15’

●

●

●

●

●

●

●

●

●

e

●

●

●

●

●

●

●

●

●

●

22 163°10’
23 163°05 ‘
24 163°00’
25 162°55’
26 162°50’
27 162°45’
28 162°40’

162°35’
:: 162°30’
31 162°25’
32 162°20’
33 162°15’

162°10’
:: 162°00’

161°20’
% 161°10’
41 161°00’
42 160°50’
43 160°40’
Bechevin Bay
Izembek Lagoon

●

●

●

●

●

●

●

b
●

●

●

●

●

●

●

●

●

●

●

●

b
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

b
●

●

●

●

●

●

●

● = Dates sampled



Data were treated in two manners. One method lumped all values per

transect. From these values the population of the area was estimated

following the procedures of Schneider (1976). The total number of

otters counted was adjusted for the difference in size between the area
counted (506 km2) and the total study area (7,125 km2). In June, poor
weather precluded the sampling of all transects. This treatment

resulted in an estimate of the total number of otters per transect per
season. Duncan’s multiple range test was conducted on these data to
determine if there were significant differences (p<.05) among seasonal
data.

Data were also grouped into contiguous quadrats, 0.1 mile wide by 2

miles long, along the transects. These data were extremely patchy with
many quadrats having no otters, while a few quadrats contained many

animals. Densities were therefore transformed by ranking each quadrat
value; the largest value received the highest rank but only 1 higher
than the next largest value regardless of the actual numerical dif-
ference. Populational  analyses involving ANOVA and Duncan’s multiple
range tests as described in previous sections were conducted to deter-
mine significance of season, depth and along-shore variability.

5.5 Trophic Interactions

Trophic  studies were
fin (Limanda aspera)
the sea otters. Gut

conducted on two dominant species of fish, yellow-
and rock sole (Liopsetta bilineata), as well as on
samples of the fish were taken in August along two

transects at two depths to determine if flatfish diet varied in heavily

used sea otter areas (transect 3) and depths (30 m) versus areas and
depths of less use (transect 9 and 60 m, respectively) (Figure 5.1-1).
Ten individuals of each species, covering their entire size range, were
sampled. Size and sex was determined for each fish. Stomachs were
removed and emptied; contents were sorted to species or lowest identifi-
able level , counted and volume estimated. All prey vouchers were
identified and/or confirmed in the laboratory. Data were reduced to
determine mean values per area and depth for each fish species.
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Studies of sea otter prey were conducted by collecting scats in haulout
areas and fixing them in 90 percent ethanol to prevent decalcification.
These samples were sorted In the lab and identified by the same taxo-

nomists who examined the benthlc samples. Other methods were tried and

proved less successful. Observations from land on Amak Island using
sighting scopes were limiting since the sea otters were too far away
for scientists to be able to observe prey items being ingested. Obser-
vations through binoculars from small skiffs were limited for the same
reasons. Direct underwater observations of feeding were not successful
during the 80 hours of dives made by scientists. Attempts to collect
food scraps using SCUBA or trawl were not successful.

5.6 Impacts of Oil and Gas Development

Information concerning the impacts of oil and gas exploration and
development on sea otters was obtained from the literature.
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SECTION 6.0

RESULTS AND DISCUSSION

6.1 Phvsical Environment

Bathymetry. Though bathymetry was not monitored as part of this study,
this physical factor is important in evaluating the quality and quantity
of the sea otter habitat. Shallow water habitats are needed by the

otters in order to forage since these animals cannot dive deeper than

60 m. Depth contours examined from NOAA charts indicate that shallow
areas with depths less than 60 m is greater in the eastern part of the
study area due to the gradual slope in this region (Figure 3.0-2). In

addition, regions at the entrances to the two major embayments (Bechevin
Bay-Izembek Lagoon and Port Moller) extend further inland than other
areas. As a result, the shallow water areas of potential sea otter
habitats are largest off these two coastal embayments.

Hydrography. Water temperatures and salinity values taken during each

cruise are listed in the Appendix B. Mean values for each area and
depth interval are presented in Table 6.1-1. Variability in the tem-
perature data was noted with season, area and bottom depth. Mean
surface water temperature over the study period was 6.6*C with highest
temperatures in August (9.O”C), followed by October (6.9”C) and June
(6.6°c). Mean bottom temperatures were likewise warmest in August

(7.9°C), followed by October (6.9”C} and June (6.l”C).

Among subareas, temperatures of both surface and bottom waters were *
highest in the Izembek-Black Hills areas and lowest in the more peri-

pheral portions of the study area. This difference could be attributed
to warm waters moving from Bechevin Bay and/or Izembek Lagoon. These
warm waters would be carried northeast along the counterclockwise gyre
into the Black Hills area towards Port Moller (Kinder and Schumacher
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TABLE 6.1-1

TEMPERATURE AND SALINITY VALUES

June August October
0-20 21-40 41-60 0-20 21-40 41-60 0-20 21-40 41-60

Area Transects (m) (m) (m) (m) (m) (m) (m) (m) (m)

Surface Temperatures (%)

Unimak 1-2 6.0 6.2 -

I zembe k 3-6 7.5 6.7 6.0

Black Hills 7-8 - 10.1 9.2

Port Moller 9-11 9.3 9.3 8.9

Bottom Temperatures (“C)

Unimak 1-2 6.1 6.0 -
I zembe k 3-6 6.3 6.2 5.0
Black Hills 7-8 7.5 7.1 -
Port Moller 9-11

7.9 7.9 8.4
9.8 9.3 9.0
- 10*1 9.2

9.3 9.4 8.9

Stratification (Surface-Bottom Temperatures)

8.2 7.7 7.2
9.0 8.7 6.6
9.5 9.2 7.3
9.2 9*2 7.5

Unimak 1-2 -0.1 +0.2 - -().3 +0.2 + 1 . 2

I zembe k 3-6 +1.2 +0.5 +1 .0 +0.8 +0.6 +0.4

Black Hills 7-8 -3.0 - - tO.9 +1.8

Port Moller 9-11 +0.1 +().2 +1 .4

Bottom Salinities (O/oo)

6.6 6.8 6.8
6.6 7.0 7.0

6.7 7.2

6.7 6.9 7.3

6.8 6.7 6.8
6.8 6.9 6.9
7.0 6.9 7.1
7.1 6.8 7*3

4.2 +().1 0 . 0

- 0 . 2  +0.1  +0.1

- 0 . 2  +0.1

-0.4 +0.1  0.0

Unimak 1-2 - 31.92 31.76 32.01
Izembek 3-6 - 31.81 31.76 32.07
Black Hills 7-8 - 31.72 31.65 31.97
Port Moller 9-11 - - - - - - 31.37 31.10 32.26

= No data
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1981). Water temperatures decreased also with depth. This trend was

most evident in June and August; October temperatures were more uniform.
The decreased stratification could be attributed to fall storms and
decreased solar radiation.

Bottom salinity values were calculated for October. Values ranged from

31.10 to 32.26 O/OO. Values varied with depth and area. Overall, the
deepest depth interval (41-60 m) had the highest salinities. The
mid-depth interval (21-40 m) had unexpectedly lower salinities than the

shallow depth ranges (0-20 m).

Shallow salinities (0-20 and 21-40 m) each showed an alongshore trend.
Salinities were lower along transects closer to Port Moller. This

could be attributed to greater surface runoff in this region. The

inverse trend occurred at the deeper depth interval (41-60 m). Bottom
salinities, with the exception of the Black Hills region, increased at
transects closer to Port Moller.

Sediments. Sediment characteristics for each sample are presented in
Table 6.1-2. The relationship between sediments and benthic  communities
presented in the table is discussed in Section 6.2. Most of the study
area was composed of well-sorted sands, with gravel and silt components
usually comprising a small proportion of the sedments. Variability in

these components was noted between areas and depths (Table 6.1-3).

The abundance of sand per area ranged from a low of 33.9 percent at

21-40 m depth interval off Black Hills, to a high of 97.6 percent in
the shallowest area off Izembek. Overall the largest percentages of
sand (>92%) were found at all depth intervals in the Izembek area and at
the shallow (0-20 m) and deep (41-60 m) depths in the other areas. The
lowest percentages of sand (<88%) were found at intermediate depths

(21-40 m) in the Black Hills, Unimak and Port Moller areas.

The abundance of gravel ranged from O percent in the Izembek area at
0-20 m and 41-60 m depth intervals to 64.8 percent in the Black Hills
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TABLE 6.1-2

SEDIMENT CHARACTERISTICS AND BENTHIC COMMUNITIES

Mean Sorting
Depth Infaunal Gravel Sand Silt Diameter Mean index

Transect (m) Month Community (%) (%) (%) (dg) ((d) (Si)

1

:
2

;
2
3
3
3
4
4
4
4
4
6
6
6
6
6
6
7

;
8
9
9
9
9

10
10
10
10
10
11
11
11
11

30 June
50 June
10 June
30 June
30 October
50 June
60 October
30 June

June
;: October
10 June
30 August
30 October
30 June
60 October
10 June
30 June
30 October

June
2: August
60 October
10 June
30 October
50 June
50 June
30 June

June
:: October
50 June
10 June
30 June
50 June
60 October
60 October
10 October
30 June
30 June
50 June

I
11A
11A
11A
I
IIB
IIB
IIB
I

i
IIB
IIB

11A

IIB

IIB
I
11A
11A
IIB
IIB

lIB
I
IIB
IIB

I IB
11A

IIB

0.6
0.7
0.1

36.6
20.6
6.8
0.0
0.1
0.0
0.0
0.0
5.2
0.0
0.0
0.0
0.2

65.9
46.0

0.0
0.0
0.0
0.0

82.4
4.3
0.8
4.5
0.0
0.2
0.0
0.0
0.1
7.0
0.0
0.0

;::
42.1
0.5

87.4
85.7
93.6
62.7
78.6
92.9
99.2
93.3
94*5
99.3
97.6
94.3
95.7
99.3
95.6
99.7
32.3
53.3
98.1
97.6
97.6
93.0
16.0
95.3
99.0
93.7
98.0
99.4
97.2
97.3
98.0
92.0
98.8
99.3
95.6
88.3
57.4
96.6

12.0
13.6
6 . 3
0.7
0.8
0.3
0.8
6.6
5.5
0.7
2.4
O*5
4*3
0.7
4.4
0.1
1.8
0.7
1.9
2.4
2.4
7.0
1.6
0.4
0.2
1.8

:::
2.8
2.7
1.9
1.0
1.2
0.7
0.4
3.1
0.5
2.9

0.15
0.14
O*15
2.37
2.02
1.24
0.39
0.15
0.18
0.76
0.18
2.06
0.17
0.39
0.17
0.21
4.91
4.20
0.19
0.23
0.21
0.14
5.65
0.93
0.61
1*11
0.24
0.25
0.22
O*17
0.19
0.77
0.21
O*21
1.63
1.29
2.53
0.31

2.74 1.31
2.84 1.31
2.74 1.27

-1.24 3.07
-1.01 1.77
-0.31 1.64
1.36 1.47
2.74 1.21
2.47 1.29
0.40 1.52
2.47 1.28

-1.04 1.34
2.56 1.36
1.36 1.37
2.56 1.28
2.25 1.18

-2.30 1.98
-2.07 1.98
2.02 1.25
2.12 1.37
2.25 1.26
2.84 1.21

-2.50 1.56
0.10 1.90
0.71 2.29

-0.15 1.88
2.06 1.23
2.00 1.26
2.18 1.19
2.56 1.28
2.40 1.26
0.38 2.64
2.25 1.22
2.25 1.22

-0.70 1.48
-0.37 1.69
-1.34 3.37

1.69 1.38

- = Not sampled
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TABLE 6.1-3

SUMMARY OF SEDIMENT CHARACTERISTICS BY AREA AND DEPTH

Percent Sand Percent Gravel Percent Silt
by Depth (m) by Depth (m) by Depth (m)

Area Transects 0-20 21-40 41-60 0-20 21-40 41-60 0-20 21-40 41-60

Unimak 1-2 93.6 76.2 92.6 0.1 19.2 2.5 6.3 4.5 4.9

I zembe k 3-4 97.6 95.6 96.5 0.0 1.8 0.0 2.4 3.0 3.5

Black Hills 6-8 96.4 33.9 97.5 0.1 64.8 1.0 3.6 1.4 1.5

Port Moller 9-11 96.5 87.1 97.2 2.0 11.1 1.3 1.6 1.9 1.5

Mean Diameter Mean Phi ((3) Sorting Index(So)
by Depth (m) by Depth (m) by Depth (m)

Area Transects 0-20 21-40 41-60 0-20 21-40 41-60 0-20 21-40 41-60

Unimak 1-2 0.15 1.51 0.59 2.74 0.16 1.30 1.27 2.05 1.47

Izembek 3-4 0.18 0.92 0.37 2.47 1.41 1.81 1.28 1.32 1.36

Black Hills 6-8 0.18 4.92 0.43 2.56 2.29 1.46 1.20 1.84 1.70

Port Moller 9-11 0.90 1.10 0.32 0.93 0.65 1.79 1.38 1.89 1.50
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region at the 21-40 m depth interval . Overall, the Unimak and Black

Hills areas had the highest gravel composition at the 21-40 m depth

interval .

Silt composition per station ranged from 0.1 percenton transect 6 at 10
m to 12.0-13.6 percent on transect 1. Overall, the largest percentages

were found in the Unimak area for all depth intervals, whereas the
lowest percentages were found in the Port Moller area. The small
percentage of silt east of Cape Mordvinof could be attributed to swifter
currents which prevent most of these smaller particles from settling to
the bottom.

Phi size provides a good index of overall grain size, with larger grain

sizes having a smaller phi value. All sediment samples had a phi less

than 3.0, indicating sandy substrates [Table 6.1-2). previous studies
along the Bering Sea shelf at depths less than 60 m also reported

sediments with phi sizes less than 3.0 (Sharma 1979). phi size varied
with area and depth. The smallest phi values (less than +0.65) occurred

at the 21-40 m depth interval in all areas except Black Hills. Conver-

sely, the shallower (0-20 ml and deeper (41-60 m) intervals had a larger
phi (>+1.30), or smaller grain size.

The variability of grain sizes within a sample was computed using a
sorting coefficient (Si). A perfectly sorted sample with no variability
in grain size has a Si of 1. The Si values among individual samples
ranged from 1.19 to 3.37. Sorting index values varied with area and
depth. Well-sorted values (<1.71) occurred in the shallower (0-20 m)
and deep (41-60 m) intervals for all areas as well as the 21-40 m
interval for Izembek. The other areas (Unimak Island and Black Hills)
had poorer sorted samples, particularly at 30 m. This trend is due to
the mixed sand and gravel components in these areas.

Sediment composition was plotted for the entire study area in Figure
6.1-1; variability with depth and location can be noted along the shore.
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Substrates dominated by sand (93-99.4%) with low percentages of gravel
(<1%) were found at all shallow water (10 m] and at deep water stations
(50-60 m) near the two embayment systems, Izembek Lagoon-Bechevin  Bay
and Port Moller. Areas with sand (16.0-92.9%), but with greater amounts
of gravel (1.0-82.4%), were found primarily at 30 m off central Unimak
Island, Black Hills and Cape Seniavin,  areas removed from these embay-
ments.

The major components of the sediments were sand and gravel. The lack of
silt, the large phi size and low sorting coefficient is attributed to
a high energy environment. Water movement is strong enough to prevent

the fine and medium sands from settling. Sharma (1979) noted that

winter and sumner surface waves have sufficient energy to move sediments
at depths as deep as 40-60 m.

6.2 Benthic Infauna

A taxonomic species list of all organisms identified from the infaunal
grabs is provided in Appendix C. This list indicates that species
composition of the area is dominated by polychaetes, crustaceans,
molluscs  and echinoderms.

Raw data from each grab during the three cruises is presented in the
Appendix D. Classification analysis of these data resulted in the
generation of a dendrogram that grouped the sites (Figure 6.2-1).
Inspection of this figure indicates the presence of two major site
groups (1,11), with one composed of two subgroups (11A, IIB). Site
groups represent different assemblages of organisms in different habi-

tats and are therefore referred to as communities. The distribution
of these three groups was compared with physical parameters (season,
depth, transect location and grain size) to determine which one(s)
corresponded best with and therefore could separate the three site
groups. Results indicate that depth and percent gravel are the key
physical factors separating communities (Figure 6.2-2). Such compari-
sons are not available for each sample since sediment samples were not
taken for each biological grab.
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The major communities differed in depth; community I was found primarily
in shallower waters (10-3O m) than  community  II (30-60  m) (Fi9ure

6 .2 -2 ) . Environmental differences between the minor groups within
community II were associated with gravel content of the sediments.
Community 11A inhabited sediments with higher percentages of gravel
(4.3-82.4%) than community IIB (0.1-7.0%).

An aerial map displays the distribution of the three infaunal communi-

ties (Figure 6.2-3). The nearshore shallow region (10 m depth) was

homogeneous, composed predominantly of sand (93-99%) and inhabited by a
single infaunal  community. Deeper waters (30-60 m) were also composed

predominantly of sand, but were more heterogeneous. Areas of larger

gravel content, usually at 30 m, was inhabited by a community (11A)

different from the one at the same depths with 1 ess gravel ( IIB)  ● The
sand/gravel community (11A) was found off Unimak Island, Black Hills and
Cape Seniavin. Areas near the coastal inlets (Bechevin Bay, Izembek
Lagoon and Port Moller) were inhabited by the communities associated
with sand in both deep (IIB) as well as shallow (I) waters.

Replicate samples (Figure 6.2-1) indicate that some local, small-scale
variability did exist with two different communities sometimes found
within the same station, but this was rare. No large-scale seasonal
shifts in community distributions were noted.

Inspection of the species dendrogram (Figure 6.2-4) indicates the
presence of three major species groups (A, B1 and 132). The two-way
matrix (Figure 6.2-5) shows the relationship among sites and species.
Species groups differed primarily by their distribution between high and
low gravel areas and secondarily with depth. Species group A inhabited
sandy sediments having lower gravel content than did species group B.
Subgroup B1 was found in both shallow and deep waters, while subgroup B2
was restricted to deep waters.
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The two-way matrix also indicates which species groups and species
were found in each community. The shallow water sand community (I) is

composed essentially of species group B1. These were ubiquitous species

within the study area and were found at all depths and in sediments with
both high and low gravel content. The characteristic species were the
bivalve Siliqua patula, along with the polychaetes  Capitella capitata,— .
Magelona sacculata,  Nephtys longosetosa, Scolopus armiger and Travisia
pupa.

The deep sand/gravel community (11A) also had many of the ubiquitous

species in group B1 including the polychaetes Scolopus armiger and

Spiophanes bombyx, as well as species in group B2 which inhabited
gravel substrates, particularly the polychaetes  Owenia fusiformes,

Eteone longs, Glycera capitata, Megacrenella  columbiana  and Polygordius— .
Sp. The deep sand community was characterized by the sand dollar
Echinarachnius parma as well as species from group Bl, including the

polychaetes Ophelia limacina, Scolopus armiger, Spio nr. filicornis and
Spiophanes bombyx.

Further analysis was conducted on the two-way matrix to examine trophic
differences among the three communities. Comparisons were made among
different feeding types of polychaetes and their “preferred” habitat
among the three communities (Table 6.2-1). A habitat preference was
established if the given species was twice as common in any given
community, otherwise the species was considered ubiquitous in the study
area. This information was reduced into a matrix to examine the distri-
bution of feeding types (Fauchald and Jumars 1979) among the three

communities (Table 6.2-2). This analysis indicates that the number of
polychaete species increased with depth, with the greatest number of
species in the deep sandy areas. The relative abundance of feeding

types (in descending order), namely selective deposit feeders, pre-
dators, non-selective deposit feeders, filter feeders and others,
remained constant in the three communities. Filter feeders were found
only in the deep habitats, particularly in the sand/gravel stations
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TABLE 6.2-1

HABITAT PREFERENCE, BASED ON FREQUENCY OCCURRENCE,
AND FEEDING TYPES FOR POLYCHAETE SPECIES

Frequency (%)
Community

(Shallow) (D~~l) (D~~~) Preferred(a)
Species Sand Sand/Gravel Sand Habitat Feeding Type(b)

Decamastus  gracilis
Praxlll ells sp.
Onuphis iridesiens
_e-
llagelona ~ae
~le OC-
SDioDhanes ~Yorum–,.
Nerels sp.
IT@i@ Sp.
-a socialis
Iravlsla forbesll
Tmiaizl-

Cistenides granulata
hone cwacills
=n; analis
~ ~i
~e~
Mediomastus californianus
Phloe minuta
-x Sp.
Arcidea lopezi lopezi
~rus SD.

.—

0
4
0
9
4
4
4
4

13
4
0

13
91
22
70

7;
48
39
87
57
30
26

0
4
0
0
0
0
0
9

17
4
4
4

0

:
4
2
9
0
4
7

1;
70
67
35
83
26

0
24

2
11
2
0
9

17
15
41
11
11

2
13
13
22
26

7
26

12
27
36
36
64
42

;:

::
48
88

100
61
76
30
55
76
18
48
24

3
3
3
9

24
3
6

15
24
24
67
24
15
18

Deep sand
Deep sand
Deep sand
Deep sand
Deep sand
Deep sand
Deep sand
Deep sand
Ubiquitous
Deep sand
Deep sand
Deep
Ubiquitous
Deep sand
Ubiquitous
Deep
Sand
Sand
Sand
Sand
Sand

Non-selective deposit
Non-selective deposit
Scavenger
Predator
Selective deposit
Selective deposit
Selective deposit
Omnivore
Predator
Selective deposit
Non-selective deposit
Non-selective deposit
Selective deposit
Selective deposit
Selective deposit
Selective deposit
Selective deposit
Selective deposit
Non-selective deposit
Carnivore
Selective deposit

Shallow sand Selective deposit
Shallow sand Non-selective deposit
Deep gravel Non-selective deposit
Deep Filter
Deep Selective deposit
Deep Filter
Deep Filter
Deep sand Filter
Deep ?
Ubiquitous Non-selective deposit
Deep sand Predator
Deep Selective deposit
Deep sand Non-selective deposit
Deep Filter
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TABLE 6.2-1

(continued)

Frequency (%)
Community

( S::kyw) (D:y)
Species

(D~~~) preferred(a)
Sand/Gravel Sand Habitat Feeding Type(b)

Ampare cf. acutifrons
-s caeca
Anaitides mucosa
Anaitides -andica
Lteone SD.
-a kapitata
ml~
Froclea araffii
~t-atus
Ampharetidae
Nephtys ciliata
Paraonelmybranchia
~lea sD.
Lteone lonaa -

3c0i~p0s armeteps
~

22
35
26
4

13
0
0
0
4

1;
17

6:
35

0
0
9
0
0

61
41
52
2

20
83
33
22
13

9
15
7

7:
98
41
17
41
17
7

73

:;
3

12
42

0
3

15
18
12
9
0

67
45
18
6

15
0
3

Deep
Ubiquitous
Deep
Ubiquitous
Ubiquitous
Deep
Deep gravel
Deep gravel
Deep
Deep sand
Ubiquitous
Ubiquitous
Deep gravel
Ubiquitous
Deep gravel
Deep
Deep gravel
Deep gravel
Deep gravel
Deep gravel

Selective deposit
Predator
Predator
Predator
Predator
Predator
Predator
Filter
Non-selective depoist
Selective deposit
Predator
Non-selective deposit
Predator
Predator
Selective deposit
Filter
Selective deposit
?
Selective deposit
?

(a) If frequency  was twice as much as in any other community(  ieS)
(b) From Fau~hald  and Jumars ( 1979)
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TABLE 6.2-2

DISTRIBUTION OF POLYCHAETE FEEDING TYPES WITH THEIR PREFERRED HABITATS

Preferred Habitat(a)
Community 11A

( Sha{l OW) (Deep) (D;~;) 1 , 1 1 A ,  IIB(b~
Species Sand Sand/Gravel Sand Obliquitous

Non-selective deposit 1 2 5 3

Selective deposit 7 11 17 3

Filter o 6 4 0

Predator 7 10 10 7

Scavenger o 0 1 0

Omnivore o 0 2 0

(a) From Table 6.2-1
(b) Also a~co~nted for in individual habitats
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(possible
habitats.
of habitat

indicator of greater water movement) than the strict sandy

Predators were the least selective (most ubiquitous) in terms
preference.

With the exception of McLaughlin’s (1963) qualitative survey, no
ecological investigations have been conducted in the shallow, nearshore
areas of the Bering Sea. Studies by Haflinger (1981) in deeper waters
indicated that differences between site groupings corresponded with
depth. The nearshore study area with its high energy environment,

coarse grain size and dominant species, Siliqua patula (razor clam) and
Echinarachnius parma (sand dollar), are more similar to other high

energy sandy habitats along the Pacific Coast than other areas of
Alaska. In such habitats the primary distribution of infaunal communi-

ties occurs in zones from onshore to offshore with wave action being a
primary factor regulating the break between zones (Jon Kastendiek, Univ.

S. Calif., personal
State Univ., personal

6.3 Benthic Epifauna

communication) and Oregon (Howard Jones, Oregon
communication).

A listing of all organisms collected in the epifaunal trawls is provided
in Appendix C. A total of 185 epifaunal taxa were identified including
58 fish taxa, 121 invertebrate taxa and six plant taxa. Raw data from
epifaunal samples from each cruise are provided in Appendix E. The
taxa that occurred in 10 percent or greater of the trawl samples are
listed in rank order in Table 6.3-1; the total and mean weight of each
taxa are also presented in the table. The 27 taxa listed represented
almost 92 percent of the total sample biomass and include 14 fish taxa,
12 invertebrate taxa and one plant taxon. Two species of flatfish,
Limanda aspera (yellowfin  sole) and Lepidopsetta bilineata  (rock sole),
were the most frequently captured taxa, occurring in at least 85
percent of the samples; two invertebrate taxa, Hipplytidae (shrimp) and
Asterias amurensis  (sea star) each occurred in more than 70 percent of
the samples. Five taxa represented >6 percent of the total biomass
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TABLE 6.3-1

RANKED ABUNDANCE DATA FROM EPIFAUNAL TRAWLS

Percent
Number of Frequency Total Mean Percent Cumulative

Taxon Occurrences Occurrence Weight(g) Weight(g) Weight Percent

;:

::
5*
6.
7.
8.

-P 9.
N 10.

110
12.

13.
14.

15.
16.
17.
18.

;;:
21.
22.
23.
24.
25.

;;:

Limanda aspera
_s_il ineata
TTlppolytldae
Ast&ias amurensis
Taqurldae
Ga~idae, juv.
Cottidae
Boltenia ovifera
~c~j uv.
Agonidae
Natica clausa
-l-es

elassodon
Echinarachnius parma
leuronectes
quadrltubercul  atus

Phaeor)h.yta (drift?)

Chionoecetes  bairdi
Cancer oregonensis
~la reniformis
Llparls sp.
-dus proximus
Ophiuroidea
Ectoprocta

:;
62
56
45
43
38
30
28
28
25

24
23

22
21
20
18
16
15
14
14
14
12
11
10
10
10

89
85
78
71
57

::
38
35
35
32

30
29

28
27
25
23
20
19
18
18
18
15
14
13
13
13

788,890.0
415,579.0
12,558.1

371,518.0
8,797.3

28,832.7
43,693.0

207,689.0
8,660.5
3,787.6

924.8

15,842.3
11,306.6

30,967.1
6,983.5

78,211.0
7,194.7
1,847.7
7,589.7
8,648.5
3,104.4
1,892.9

164,662.0
371.6

5,750.2
2,809.9
1,538.1

9,985.9
5,260.5

159.0
4,702.8

111.4
365.0
553.1

2,629.0
109.6
48.0
11.7

200.5
143.1

392.0
88.4

99000
91.1
23.4
96.1

109.5
39.3
24.0

2,084.3
4.7

72.8
35.6
19.5

32.3
17.0

1::;
0.4
1.2
1.8
8.5
004
0.2

<O*1

0.7
0.5

1.3
0.3
3.2

::?
0.3
0.4
0.1
0.1
6.6

<().1
0.2
0.1
O*1

32.3
49.4
49.9
65.1
65.5
66.6
68.4
76.9
77.3
77.4
77.5

78.1
78.6

79.9
80.2
83.4
83.7
83.7
84.0
84.4
84.5
84.6
91.3
91.4
91.6
91.7
91.8



sampled; these were: Limanda aspera, Lepidopsetta bilineata, Asterias— .
amurensis, Boltenia ovifera (tunicate)  and potamilla reniformis (marine
worm), in descending order by weight. The combined biomass of these

five species equalled 73 percent of the total biomass sampled.

The results of cluster analysis on abundance data (weights) are present-
ed in separate site and species dendrograms as well as a two-way site by
species matrix. Sites were clustered into two widely distributed
groups (IA and IB) and a localized group (II) (Figure 6.3-l). The

spatial distribution of the major site groups is shown in Figure 6.3-2.
These site groups overlap considerably. Such overlap is attributed to a
combination of the patchy nature of the substrate and the sampling
procedures. The substrate in the study area included sand, gravel,
boulders and large rocky outcropping. Epifaunal samples involved 10
minute trawls which covered a large area, thereby increasing the chances
of sampling more than one habitat. In spite of this problem,  some basic

patterns were evident (Table 6.3-2 ). Group IA occurred more extensively
in the Unimak and Izembek areas, while group IB was more extensive in

the Black Hills and Port Moller areas. Group IB also occurred in areas
closer inshore where the two groups were contiguous. The mean sample
depths were 43 m (group IA) and 37.5 m (group lB).

The species used in cluster analysis fell into two major species  groups

(Figure 6.3-3). Group A contains 12 taxa, many of which are char-
acteristic of soft sediments. Species group B contains 23 taxa, many
of which, especially those in group B2, are characteristic of hard
substrates. Many of the most frequently caught taxa, and all five
of the taxa that dominated trawl samples by weight, are in group B.

The site by species matrix (Figure 6.3-4) shows the abundance distri-
bution of species within samples. Species group B1 contains the most
ubiquitous species and are found in all site groups. Site group IA is

composed primarily of soft-bottom organisms in species group B1. Site

group IB is also composed of soft-bottom organisms in species group B1

and hard-bottom organisms in species group B2.
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TABLE 6.3-2

SITE GROUP CHARACTERISTICS FOR EPIFAUNA DATA

Number of
Samples

Number of Bottom Depth(m) Per Month Number of Samples Per Transect(a)
Site Group Samples Mean Range Jun Aug Ott 1 2 3 4 67 8 9 10 11

I 70 41 10-65 15 29 26 7 8 8 13 865 7 4 4

IA 39 43 15-60 9 21 8 75 69 612 1 1 1

IA1 35 43 20-60 7 19 8 6 2 6 9 612 1 1 1

IA2 4 46 15-60 2 2 0 1 3 0 0 000 0 0 0

IB 31 37.5 10-60 6 7 18 0 3 2 4 2 5 3 6 3 3

IB1 16 38 10-60 6 5 5 03 0 1 132 3 1 2

IB2 15 37 10-60 0 2 13 0 0 2 3 121 3 2 1

I I 4 19 10-30 2 0 2 00 1 0 200 0 1 0

Total I + II 74 17 29 28 7 8 9 1 3 1 0 6 5 7 5 4

(a) Transects  1,2 = Unimak area
Transects 3,4 = Izembek area
Transects 6,7,8 = Black Hills area
Transects 9, 10, 11 = Port Moller area
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The species characteristic of the five site groups are listed in Table
6.3-3. These species were the most abundant (biomass) and together
represented 90 percent of the total biomass within each sample group.
Site groups IA1 and IA2 were dominated by the flatfishes Limanda aspera
and Lepidopsetta bilineata (Figure 6.3-5), which together represented 65
to 80 percent of the biomass of these samples. Group IA1 was further
characterized by much smaller amounts of the seastar Asterias amurensis,
the tunicate Boltenia ovifera and the flatfish Pleuronectes quadrituber-
culatus. Group IA2 was further characterized by the sand dollar
Echinarachnius  parma and an unidentified fish species.

Greater numbers of taxa characterized groups IB1 and IB2, as shown in
Table 6.3-3. While the flatfishes ~. aspera and ~. bilineata were
important in these groups, they did not dominate the total biomass as in
group IA samples. The group IB1 species assemblage was dominated by

i n v e r t e b r a t e s : the seastar A. amurensis, the tunicate B. ovifera,
the colonial, reef-building polychaete worm Potamilla reniformis and

pagurids (hermit crab) (Figure 6.3-6). This species assemblage was
found primarily in samples from the area between Izembek Lagoon and Port
Moller (Figure 6.3-7). Stations of the central coast of Unimak Island
were also characterized by this species assemblage.

Group IB2 samples were dominated by the flatfish-sea star group char-
acteristic of group IA, but also had a number of other taxa represented.
Drift eelgrass, Zostera marina, was an important component of this
group, as were juvenile and adult codfishes (Gadidae),  other flatfishes,
including starry flounder (Platichthyes stellatus) and Alaska plaice (~.
quadrituberculatus), and Hippolytid shrimp. This species assemblage was
not represented in June samples and was found only in the area between
Bechevin Bay and Port Moller (Figure 6.3-7).

The four samples in group 11 were characterized by the highest mean
biomass of ~. aspera and the presence of juvenile flatfishes (Pleuro-
nectidae). These samples were found only in shallow areas off Bechevin
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TABLE 6.3-3

CHARACTERISTIC TAXA OF SITE GROUPS(a)

Percent
Frequency of Mean of Total Cumulative

Taxon Occurrence Weight(g) Weight Percent

GROUP IA1

No. of Samples = 35 1.
No. of Species = 59 2.

3.
4.
5.

GROUP 1A2

No. of Samples = 4 1.
No. of Species = 23 2.

3.
4.

GROUP IB1

No. of Samples = 16 1.
No. of Species = 60 2.

::
5.
6.

;:

GROUP 1B2

No. of Samples = 15 1.
No. of Species = 51 2.

3.
4.

::
7.
8 .

1::
11.

GROUP 11

No. of Samples = 4 1.
No. of Species = 23 2.

3.
4.

::

Lepidopsetta bilineata 100.0
Llmanda aspera 100.0
EFTiRiFaZiii7iE parma 100.0
~steichthyes 25.0

Zoiafl;haria actiniaria

93.8
68.8
25.0
81.3
68.8
37.5
25.0
25.0

Limanda aspera 86.7
-smilineata 66.7
Asterlas  amurensls 66.7
Lostera marina 20.0
IXJiTSE,mile 80.0
Platichthys stellatus 20.0
~adus macrocephalus 40.0
~onectes quadrftuberculatus  4 6 . 7
~lppolytldae 100.0
Boltenia  ovifera 40.0
Cottl dae 60.0

Limanda aspera 50.0
~e-, juvenile 100.0
Pleuronectes  quadrituberculatus 50.0
fooantherla  actlnlarla 25.0
Cottldae 75.0
Asterias  amurensis 50.0

12,344
5,137
1,660

331
326

5,425
2,723
2,020
1,702

15,388
11,300
10,211
8,162
7,290
2,996
1,438
1,311

4,005
2,773
1,473
1,419
1,294
1,233
1,111

615
552
449
397

1B,536
1,697
1,619
1,375
1,360
1,120

56.5
23.5

7.6

;:;

43.6
21.9
16.2
13.7

24.1
17.7
16.0
12.8
11.4
4.7
2.3
2.1

23.5
16.3
8.7
8.3
7.6
7.2
6.5
3.6
3.2

n

66.7
6.1
5.8
5.0
4.9
4 . 0

56.5
80.1
87.7
89.2
90.7

43.6
65.5
81.7
95.4

24.1
41.8
57.8
70.6
82.0
86.7
89.0
91.1

23.5
39.8
48.5
56.8
64.4
71.6
78.2
81.8
85.0
87.6
90.0

66.7
72.8
78.7
83.6
88.5
92.5

(a) Taxa comprising 90% of total group biomass are ranked by weight.
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Bay, Izembek Lagoon and
sample group, IA2, was
dollar) and was abundant

Port Moller. The other small (distribution)
characterized by Echinarachnius parma (sand

in the Cape Mordvinof  area.

Previous epifauna studies of the nearshore area between Unimak Island
and Port Moller are limited to a small number of stations sampled during
studies of the central Bering Sea (Feder and Jewett 1980; Pereyra et
al. 1976). The nearshore region of the North Aleutian Shelf (NAS), is
generally considered to be more productive than deeper offshore areas of

the eastern Bering Sea in terms of infuana and invertebrate epifauna
biomass (Armstrong et al . 1982). Biomass values from trawls in the
present and previous studies of the NAS are dominated by demersal fish,
although invertebrates appear to be more important in the shallower
areas associated with more rocky substrates. Trawl samples from Bristol
Bay (NMFS Bering Sea subarea 1) during 1975-1976 were composed of 70
percent fish by weight (Pereyra  et al. 1976), whereas trawl samples in
the present study were 59 percent fish. This difference may be attri-
buted to the type of trawl used. The 1975 studies utilized large otter
trawls, which usually capture larger fish than the trynet used in this
study . The relative abundance of the fish families from these two
studies are presented in Table 6.3-4. Pleuronectids  represented about
85 percent of the fish caught in both studies. The average biomass of
fish caught per area in nearshore samples during this study was about

one half the biomass reported for all of Bristol Bay.

The relative importances of invertebrate groups sampled during three

studies are presented in Table 6.3-5. Crabs dominated the invertebrate
epifauna sampled in 1975, representing -50 to 58 percent of the inverte-
brate biomass, followed by echinoderms at 22 to 29 percent. The 1982
sample biomass was dominated by echinoderms (primarily Asterias amuren-
sis) at 48 percent and ascidians (primarily Boltenia ovifera) at 26
percent. Crustaceans represented only 3.4 percent of invertebrate
biomass from 1982 nearshore samples. The mean invertebrate biomass per
unit area for 1982 nearshore samples was about two-thirds the inverte-
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TABLE 6.3-4

RELATIVE IMPORTANCE OF FISH FAMILIES
FROM SOUTHEASTERN BERING SEA STUDIES

Percent of Total
Fish Catch By Weight

Family 1975~a) 1982(b)

Gadidae 7.7 8.1

Pleuronectidae 85.0 85.2

Cottidae 4.0 0.3

Zoarcidae 0.3 <0.1

Raj i dae <0.1 2.4

Agonidae 0.3 0.3

Other fish 2.4 3.7

Mean biomas per
3area (g/m ) 9.121 4.297

(a) samples from NMFS subarea 1 (Bristol Bay)
(Pereyra et al. 1976)

(b) This study
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TABLE 6.3-5

RELATIVE IMPORTANCE OF INVERTEBRATE
GROUPS FROM SOUTHEASTERN BERING SEA STUDIES

Percent of Total Invertebrate Catch
Taxa 1975(’3) 1975(b) 1982(c)

Porifera 1.1 14.1 1.2

Coelenterata 3.9 1.7 0.1

Mollusca 6.5 3.4 0.6

Crustacea 58.0 50.3 3.4
Paralithodes camtschatica 21.1 29.5 <0.1
hlonoecetes oplllo 19*9 18.8 0.1

c balrdl 10.8 0.3— “  —

Echinodermata 22.0 29.2 48.2
Asteroidea 9.1

Asterias amurensis 17.9 46.3
Ec%inoidea 5.4 0.5
Ophiuroidea 0.3
Holothuroidea 0.1

Ascidacea 8.5 1.3 25.9

Annelida (Polychaeta) <().1 20.1

Mean invertebrate biomass
per area (g/mz) 3.338 3.874 2.493

(a) Samples from <80 m on the middle shelf and coastal areas ( Feder and
Jewett 1980)

(b) Samples from NMFS Subarea 1 (Bristol Bay) ( Pereyra et al . 1976)
(C) Thjs study
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brate biomass during 1975 reported for Bristol Bay. Crustacean biomass
from 1982 trawls averaged 0.085 g/m2, compared to 1.936 g/m2 and 1.949
g/m2 from 1975 trawls (Feder and Jewett 1980; Pereyra, et al. 1976,
respectively) . Echinoderm biomass was higher during 1982 (1.202 g/m2

compared to 0.734 g/m2 and 1.131 g/m2 for 1976), as was ascidian biomass

(O .646 g/m2 compared to 0.284 g/m2 and 0.050 g/m2 for 1976). Pol ychaete
biomass from 1982 samples averaged 0.501 g/m2 compared to <0.334 g/m2

during 1976 (Feder and Jewett 1980).

Based on the limited number of comparable studies, total epifaunal
biomass per unit area in the nearshore Unimak Island to Port Moller

region appears to be less than epifaunal  biomass per unit area for the
middle shelf and coastal domains of the southeastern Bering Sea. The
biomass of certain invertebrate taxa, primarily echinoderms, ascidians

and colonial, reef-building polychaetes, however, appears to be greater
per unit area in the nearshore region.

6.4 Sea Otters

Results from aerial sea otter surveys are presented in Appendix F.
Analyses indicate that sea otter abundance had significant (p<.05)

seasonal and spatial variability (Table 6.4-1). Spatial variability
occurred alongshore, offshore and with depth; these three factors also
had interacting components. Trends regarding sea otter abundance with
each physical variable will be presented, followed by a discussion of
the dynamics of all variables and possible causal factors driving this
system.

Data were analyzed in two manners. First, totals from individual
transects surveyed in this and Schneider’s study (1976) were analyzed
to determine seasonal and long-term fluctuations. Results of ANOVA
indicate significant variability (p<.05) with time (Table 6.4-l).
During 1982-83, sea otters were significantly more abundant (p<.05) in
August (10 ,325) than either March ( 1,454), June ( 1,880) or October
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TABLE 6.4-1

VARIABILITY OF THE SEA OTTER POPULATIONS

A. Seasonal Comparisons, using densities per transect

1. ANOVA 2. Duncan Multiple Range Test(b)

Degrees Season Total
Variable Freedom P(a)

July 1975 17,365a
Date 3 p< .0125 August 1982 10,325a

October 1982 4,737b
June 1982 l,880b
March 1983 l,454b

B. Spatial Comparisons, using ranked abundances per quadrat

1. ANOVA Degrees
Variable Freedom P(a)

Area 3 p< .0001
Depth 2 p< .0001
Season 3 p< .0010

2. Duncan Multiple Range Test(b)

Aerial June 1982 August 1982
Area Transects 0-20 21-40 41-60 0-20 21-40 41-60

(m) (m) (m) (m) (m) (m)

Unimak 1-15 1490cde 1251ff l196ef 1386de 1522cd 1221ef
Izembek 16-30 1351def 1280def 1239ef 1733ab 1362ef 1208f
Black Hills 31-35 1522bcd 1235ef l156f 1273def 1156ef 1183f
Port Moller 39-43 1250ef 1274def 1380de 1217ef

Aerial October 1982 March 1983
Area Transects 0-20 21-40 41-60 0-20 21-40 41-60

(m) (m) (m) (m) (m) (m)

Unimak 1-15 1622bc 1424ff 1221ef 1352def 1203ef 1221ef
Izembek 16-30 1616bc 1460cde 1253ef 1333def 1249ef 1233ef
Black Hills 31-35 1329def 1315def 183 f 1335@f 1399cde 1212ef
Port Moller 39-43 1391de 1226ef 1262def 1286def

(a) Significance of variable(s)
(b) Significance among cells
a,b,c,etc. = Values with same letter(s) are not significantly different (p<.05)
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(4,737), which were not significantly  different (Pf*05) from each other
(Figure 6.4-l). Sumner values (JulY 1976) collected  by Schneider (1976)

were greater but not significantly different (P<.05) from August 1982

levels. These results indicate two different seasons, a sumner period
of high abundance (July-August or September) with over seven times as
many sea otters as during the winter (October-June). Additional data in
the area from Schneider (1976), not conducted along the transects, also
indicates a large (12x) increase in the population during sumner months.

Data were also analyzed by dividing the transects into contiguous

quadrats, each one measuring two miles long by a tenth mile wide.
Density values per quadrat were transformed into rankings. ANOVA
analyses indicates significant variability (p<.05) with depth, area and
season (Table 6.4-1). Abundance values were highest nearshore in
waters between 0-20 m deep. Abundance values in each depth interval
were highest in August, indicating all depths underwent changes in
seasonal usage. Schneider (1976, 1981) also indicated in his figures

that abundance was greatest closer to shore. Alongshore variability in
otter abundance was also significant (P<.05). Otters were more abundant
in the Unimak and Izembek areas than in the Black Hills-Port Moller

area. These results are consistent with Schneider ( 1976).

The three factors of season, depth (or offshore location] and alongshore
variability have strong interactive components. Ranked abundance values
per area were plotted for all four seasons ( Figure 6 .4-2). By looking

at the abundance values per area and total abundance for the whole study
site, the interrelationship among variables can be better understood and
the demographic dynamics of the population can be developed.

Between March and June the total population size did not change signifi-
cantly (p<.05),  but some net movement occurred from deeper to shallower
areas off Black Hills. Between June and August the largest net influx
of animals occurred into the study area. The largest increase occurred
in the Unimak and Izembek areas and into the Port Moller area.
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The animals were most likely migrating from Bechevin Bay via False Pass
from populations in the Pacific. Lensink (1958) also suggested that

the population might undergo seasonal migrations. Such migration is

possible since: the route traveled is shallow, allowing continuous
feeding as apparently is necessary; the area of highest concentration
was in the Bechevin Bay-Izembek Lagoon area where the otters would
first enter the area; and observations of large numbers of otters
have been made
Communication).

Migration from
distribution of

in and around False Pass (John Sarvis, USFWS, Personal

further east is unlikely since ice limits the eastern
the animals (Schneider 1976), and/or from further west,

either through or across Unimak Pass, is possible but unlikely since

otters usually do not migrate along or across deep trenches where they
are unable to feed (Kenyon 1969). Sea otters in California also undergo

seasonal migrations (Estes and JamesOn 1983). In addition, animals
released at distances 72 km from their home site returned, often to the

same kelp bed (Wild and Ames 1974). These seasonal movements may be
related to migration patterns of bottom fish and shellfish (see Section

6.5).

Between August and October the sea otter population decreased signifi-

cantly (p<.05) to near its winter minimum. Net movement occurred from
areas deeper and areas removed from Bechevin Bay. Between October and
March, the otter population decreased slightly with animals in deeper
waters and in areas removed from Bechevin Bay moving back toward this
area.

Comparisons between summer surveys conducted in 1976 (Schneider 1976)
and this study indicate no significant differences (p<.05) (Figure
6.4-l), suggesting that the summer population has been stable between
these years. The stability of the population was maintained in spite of
the movement of ice into the study area during the winter and spring of
1982 when many sea otters were observed surrounded by or walking on the
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ice (John Sarvis, USFWS, Personal
to regul ate the sumner population.
occur during the winter and early
sumner population is present. Ice

Communication). Ice is not likely
The impact of ice would most likely
spring when only 10 percent of the
probably only effects the distribu-

tion and abundance of the winter population on its eastern edge. Ice

apparently prevents sea otters from feeding by covering their foraging
areas. The otters seek refuge on the ice (Schneider and Faro 1975) or
on land where they have been seen walking many miles from the coast
(John Sarvis, USFWS, Personal Communication). The number of carcasses
noted on the beaches in the late spring of 1982 after the ice retreated
did not appear to vary from previous non-ice years (John Sarvis, USFWS,

Personal Communication).

Ice could be an important factor if the winter population, as suggested
for southern California populations, is composed primarily of pregnant

females (Mike Bonnell, UCSC, Personal Communication). Mothers and pups
have been observed in the study area, but their relative abundance in

the winter is not known.

6.5 Trophic Interactions

Flatfish Feeding Habits. Feeding habits were examined for the two
dominant fish species, Limanda aspera and Lepidopsetta bilineata, in
high and low density sea otter areas during August. Results for yellow-
fin sole (~. aspera) are summarized in Figure 6.5-1 and reveal several
trends. L. aspera taken at shallow stations were smaller than those——
from deeper stations. The ages of these fish were estimated from
published age-length data (Bakkala 1981; Pereyra, et al. 1976). Fish
collected at 30 m along both transects averaged three to four years,
while the fish from 60 m averaged five to six years on transect 3, and
eight to 10 years on transect 9. Smaller fish ate fewer prey taxa (16
and 17), than the larger fish (21).
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The major items in the diets ~. aspera were polychaetes, crustaceans,
bivalve molluscs and echinoderms; the use of these items varied with

transect and depth (Table 6.5-1). Fish collected along transect 9 at

both depths utilized polychaetes to a greater extent, both in terms
of numbers and volume, than fish from transect 3. Fish along both

transects at 30 m used more crustacea taxa than those from 60 m. The
number and volume of crustaceans used along transect 9 were greater than
from transect 3. A greater number of bivalve taxa were utilized at
transect 3, and, although total bivalve densities per stomach were
approximately the same, bivalve volumes were greater from transect 3.
Greater numbers of bivalves were eaten at 30 m than 60 m on both tran-
sects. Echinoderms were of minor importance at all stations except at

60 m on transect 3. Echinoderms, primarily small, whole sand dollars

(Echinarachnius  parma) represented 30 percent (by VO1 ume) and 71 percent

(by number) in the guts of these fish.

Stomach analysis results for ~. bilineata are summarized in Figure

6.5-2 and Table 6.5-1. These fish were also smaller at shallower (30 m)
than deeper (60 m) stations. ~. bilineata age averaged approximately
two years at shallow stations, and three to four years old at deeper
stations. The smaller fish generally utilized fewer prey taxa than
larger fish.

~. bilineata diets were dominated by polychaetes, followed by bivalves
and crustaceans; variations by station and transect were evident.
Polychaete abundance in fish diets was approximately the same at the
three stations where they were utilized, ranging from 12 to 18 percent

of the diets. No polychaetes  were found in stomachs of fishes collected
at the 30 m station along transect 9. Bivalve molluscs, primarily

Cyclocardia  sp. along with unidentified bivalve siphons, were the major
diet item from the 30 m station on transect 9, representing 34 percent
of the stomach contents of these fish, by volume. Bivalves were less
abundant in guts at the other three stations, ranging from 3 to 11

percent by volume. Crustaceans were of minor importance with the
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TABLE 6.5-1

COMPARISON OF PREY ITEMS BETWEEN YELLOWFIN AND ROCK SOLE

Mean Number Mean Volume (%)
L. aspera L. bilineata L. aspera L. bilineata

Transect Transect Transect Transect Transect Transect Transect Transect
3 9 3 9 3 9 3 9

Taxon 30m 60m 30m 60m 30m 60m 30m 60m 30m 60m 30m 60m 30m 60m 30m 60m

Foraminifera

Nematoda
Polychaeta
Bivalvia
Gastropoda
Crustacea
Echinodermata
Cordata

o 0.4

0 0.4

0 1.2

10.9  4 .7

2 . 0  2 . 0

2 6 . 9  3 . 1

0.5 71.5

0 0

0.1 0

0.1 0

1 9 . 7  2 . 5

10.0 2 . 2

0 . 9  0 . 5

44.2 11.0

0 . 2  0 . 8

0 0.2

Detritus

Digested Material - - - -

Sediment Debris - - - -

0 0 0 0
1.1 0.8 0 1.3

14.8 13.8 0 14.8
2.5 8.4 5.5 2.3
0.8 1.4 0 1.5
1 . 1  3 . 6 4 . 5  6 . 4

0 9.6 0 . 3  1 * 4

0 0 0 0.2

0 0.4

0 0.4

0 1.3

17.2 17.9

2 . 3  0 . 8

2 7 . 2  7 . 6

0.2 36.1

0 0

0.1 5.9
0.1 0.5

20.8 12.6
12.0 2.1
0.8 0.9

29.8 18.1
0.5 1.2
0 0.1

0 0 0 0

23.6 32.5 28.640.7

26.5 1.3 6.6 15.8

0 0
0.5 6.4
18.4 18.4
4.6 11.4
0.5 0.6
2.5 2.7
0 4.7
0 0

0 0
0 0.8
0 11.7

33.7 3.0
0 0.9

1 1 . 1  3 . 2

1 . 9  3 . 3

2 . 5  0 . 1

0 0 0 0.3

51.935.7 27.3 55.1

23.7 10.0 11.2 20.4

- = Not determined
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exception of fish at 30 m on transect 9 where cumaceans were abundant in
the guts. Echinoderms, primarily small sand dollars,
guts from fish at the 60 m contour along transect 3.

These two flatfish species had large differences
Limanda  aspera is considered an opportunistic feeder— .
wide variety of prey items (Pereyra, et al. 1976).

( 1OO-2OO m) in the Bering Sea have been reported to

were abundant in

in their diets.
which utilizes a

Small specimens
feed primarily on

amphipods and polychaetes (Bakkala 1981; Pereyra, et al. 1976); whereas
small specimens of Lepidopsetta bilineata feed primarily on polychaetes,
followed by molluscs, and then crustaceans (Pereyra, et al. 1976).

The relative importance of major prey taxa in the diets of these two
species as examined during this study is shown in Table 6.5-2. The
main dietary difference was the greater use of crustaceans (primarily
amphipods) by ~. aspera. ~. bilineata consumed more polychaetes, while
L. aspera used more echinoderms. These results generally agree with-—
previous studies cited. The use of small sand dollars was not important
in the diets of fish in other reports; the use of this prey in the
present study occurred primarily at one station.

Sea Otter Feeding Habits. Results of scat analyses indicate that
crustaceans (crabs, shrimp and amphipods), molluscs  (clams and mussels),
echinoderms (sand dollars) and chordates (fish) were the most frequent
food items (Table 6.5-3) . The small sample size and collection period
limits the ability to develop a diet for this sea otter population
solely on these results. The sample size was small (9) and
collected from only one site (Glazenap Island near Izembek
a two-day period. A generalized picture of sea otter
derived, however, by considering additional information
studies.

samples were
Lagoon) over
diet can be
from other

A data base of sea otter prey from scat and stomach content analyses,
and dive observations from this study and other eastern Pacific investi-
gations is summarized in Table 6.5-4. Species were lumped into ecologi-
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TABLE 6.5-2

RELATIVE IMPORTANCE OF FLATFISH PREY TAXA(a)

Major Flatfish Species
Prey Taxa Limanda aspera Lipidopsetta bilineata

Polychaetes 8.7 12*1

Bivalves 12.3 13.2

Crustaceans 20.7 4.9

Echinoderms 9.5 2.5

TOTAL 51.2 32.7

(a) values are mean percent
vol ume

of total stomach
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TABLE 6.5-3

ORGANISMS IDENTIFIED FROM SEA OTTER SCATS

Percent
Samples Frequency

Prey Items 1 2 345 6 7 89 Taxa Phyla

Phylum Cnidaria (Total)
Hydroid

Phylum Nemertina (Total)
Nemertean

Phylum Mol usca (Total)
1Bivalve* d)

Macoma balthica
Hs edulis’

Phylum Arthropoda (Total)
Amphipod
Brachyura

Brachyura*

O-raci 1 is
Carid

?Crangon
C_alaskensis
_dalli
~i~

P
1

22

1

7

1

Phylum Echinodermata (Total)
Echinarachnius  parma P P

Phylum Chordata (Total)
Pleuronectid* 5+

(?Limanda  aspera)
Scor-rm

P P P

P

1+

1

p(b)

l(c)

P

P

1+
1 1

1+

1

1+

P P

2
2

-(a)
11

11

22
11
33

22

3;
22
11
11
11

11
11
11
11

44

::
11

11

11

67

77

44

22

(a) - = Not calculated
(b) p = present
(cl Values represent numbers of animals per Scat
(d) * = Important prey items (see text)
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TABLE 6.5-4

SEA OTTER PREY ITEMS FROM OTHER EASTERN PACIFIC STUDIES

ALEUTIAN ISLANDS BERING SEA/PRINCE WILLIAM SOUND OREGON/CALIFORNIA
Piedras

Amchitka, A K Attu , N. Aleu- Green Sheep Blancas, Buchon,
Sp. 1962 Fall 1962 Sp. 1963 AK tian, AK Bering Sea Shumagin,  AK Is, AK Bay Oregon CA CA

Dives Scats Stomachs Stomachs Stomachs Dives
Sample

Scats Stomach Scats Scats Stomach Dives Dives Dives Dives Dives
(%F) (%F) (%F) (%F) (%F) (%F) (%F) (%V) (D) (%F) (%V) (%F) (%F) (%F) (%F) (%F)

Division Phaeophyta 3 <1

Phylum Cnidaria <1 11 11

Phylum Annelida/
Nemertina 5+ 5 11

Phylum Echiuroida 3

Phylum Arthropoda
Amphi pod 5 6 22

Isopods 6 3
Shrimp 1 1 ;jfi~

Phylum Echinodermata
Brittle star 1 13
Sand dollar

. . . . .,j~;:
Sea cucumber <1 17 4 <1 <1

4

Sample Size 580 422 107 20 182 563 9 2 2 75 2 420 251 425 820 567

Reference (1) (2) (2) (2) (2) (2) (3) (2) (2) (2) (2) (1) (1) (4) (1) (1)

%F = Percent Frequency References: (1) Estes, et al. 1981
%V = Percent Volume (2) Kenyon 1969
D,, = Density (3) This Study
,,., ,,, =,.,. ... Important prey (4) Estes, et al. 1982



tally equivalent prey items (e.g~, cl ares), so different geographical

areas could be compared. As a result, where several species occurred in

one of these taxa, the largest value was taken to represent the minimum
frequency level. A precise level could not be determined for such prey

without the original data since the distribution of all the prey items
in that taxa was not provided.

Arthropod crustaceans were the most frequently found organisms in the
scats from the present study. These prey included brachyuran crabs,

shrimp and amphipods. Brachyuran crabs were identified as otter prey
items in almost all of the studies cited (Table 6.5-4) and were found in

66 percent of the scats examined for this study. Crabs in the study
area are large, should be easy to catch and in general have a high
caloric value (Kenyon 1969). For these reasons crabs are considered to

be an important sea otter prey item in the study area.

Shrimp and amphipods were found in 33 and 22 percent of the scat samples
from this study, respectively. Even though both organisms are abundant
throughout the study area, they were small, were not found in otter
stomachs during other Bering Sea studies and have rarely been found
in the guts or feces in any other area. For these reasons, shrimp and

amphipods are not considered important prey items.

Molluscs constituted the second most frequent prey items in this study.
Clams (Macoma balthica and bivalves) were found in 33 percent of the
scats. These organisms have been found in the stomachs of other Bering
Sea otters and have been identified as prey items in all other reported
studies of eastern Pacific otters. These organisms are found throughout
the study site, with epifaunal mussels attached to more stable sub-
strates and infaunal clams inhabiting soft sediments. They are easy
to capture, and caloric value is moderate to high (Kenyon 1969).
Mussels and clams can be considered as important prey items to the otter
population in the study area.
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Sand dollars were the third most frequent food item. This organism
was abundant in the study area, being collected in high abundance both
in epifaunal and infaunal samples, as well as in the guts of flatfish.
Whether the otters directly ingested the sand dollars or ingested fish
which had eaten them is not certain. Since three of the four scats
with sand dollars did not have any fish parts, direct ingestion may
occur. If otters are feeding

on important prey item due to
abundance in the area and the”
dollar coloric  value, however,
items. These results provide

possibly being a sea otter pI

on sand dollars, the organisms might be

their high frequency in the scats, high
r ease of capture and ingestion. Sand
is probably low compared to other prey
the first known report of sand dollars
ey item, probably since sand dollars,

inhabiting the open coast sandy areas, and sea otters, living in rocky
regions with kelp or protected embayments, rarely co-occur.

The fourth most frequent prey item in the scats were fish, particularly
flatfish (Pleuronectids). These prey items, particular yellowfin and
rock sole, are extremely abundant in the study area (see Section 6.3)
and comprised 50 percent by volume of the sea otter stomachs sampled in
the Bering Sea (Kenyon 1969). Fish have been reported to be important
prey items in all other areas of the Aleutians, and otters are reported
to prefer them over sea urchins (Kenyon 1969). Flatfish are easy to
capture, easy to ingest (the presence of five lower jaws in all scats
sampled indicates they may eat the entire animal) and are high in
calories (Kenyon 1969). Finally, the seasonal and spatial distribution
of the flatfish and crab populations within the study area corresponds
with and could be an important factor regulating the temporal and
possibly spatial distribution of the sea otters. For these reasons fish

are considered an important prey item to the sea otters.

Several species which have been found to be common prey items in other
areas, but not the Bering Sea, are sea urchins, gastropod (limpets and
chitons) and hermit crabs. Sea urchins are usually found on rocky,
stable habitats often associated with kelp. Sea urchins were collected
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stable habitats often associated with kelp. Sea urchins were CO11 ected
in low abundance in trawls off Unimak Island and observed during dives
of rocky areas off Amak and Unimak Islands. Al though no sea urchin

tests and/or spines were recorded from the scats in the Bering Sea,
other evidence indicates that otters are feeding to some degree on these
prey. Several of the sea otter skulls examined near the entrance to

Izembek Lagoon were
( Kenyon 1969}. Sea
in the study area,
seasonally migrating
and sea urchins may

stained purple, evidence of sea urchin predation
urchins are not considered an important prey item
but would be more important if these animals are
into the Pacific during the winter where kelp beds
be abundant. Hermit crabs or their mollusc shell

homes were not found in these scat samples even though they have been
reported in other Bering Sea studies and were extremely abundant in the

epifaunal surveys.

A preliminary sea otter food web was developed from the results of sea

otter scat analyses and fish guts examined in this study and information
obtained from other investigations (Figure 6.5-3). These results

suggests that flatfish are important prey items and could be competitors
for prey with sea otters, but more likely these predators might parti-
tion the common resources based on prey size.

Comparisons were made in abundance of sea otter prey items in different
areas as determined with epifaunal  trawls. The mean biomass values per
sample for these taxa, organized by the epifaunal site groups discussed
in Section 6.3, are presented in Table 6.5-5. The greatest number of

otter prey taxa was found in site groups IA1 and IA2; the highest
biomass values for two of the prey taxa, Cancer spp. and Limanda aspera,
were found in site group 11. The distribution of site group IA, as
shown in Figure 6.3-2, includes all depths sampled in the Bechevin

Bay-Izembek Lagoon area, intermediate and greater depths east and west
of the lagoons, and the shallow depths in the Port Moller area. Group
II sites were at the mouths of Bechevin Bay, Izembek Lagoon and Port
Moller (Figure 6.3-2).
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TABLE 6.5-5

COMPARATIVE ABUNDANCE OF SEA OTTER PREY IN EPIFAUNAL COMMUNITIES

Mean Biomass(a) by Epifauna Site Groups(b)
Group Group Group Group Group
I Al I A2 161 162 11

Otter Pre.v Taxa(c)

*Bivalve
Mytilus edulis
-a-a) (d)
(-r-. ) (d)

*Chionoecetes  SRP.. .
*Cancer SDD.
*_ia’ gracilis
*Echlnarachnlus  parma
*llmanda asDera

Otter Prey Taxa(e)

0.1
0.0
0.1
<.1

157 ● 4
0.4
0.0
29.4

12,344.0

0.0 000 0.0
3::: 0.0 0.0 0.0
3.5 0.0 0 ● o 0.0
O*O 0.0 0.7 0.0

0.3 0.0 0.0
88.8 0.0 1;:; 152.5
92.8 0.0 6.0 0.0

2,020.0
2,723.0 7,24;:; 4,&~ 18,53;:;

Snails
Hermit crabs
Shrimps
Sea cucumbers
Seastars
Sea urchins
Tunicates
Flatfishes(f)

10.5
59.2
56.2
0.3

1,660.0
0.7

331 ● 4
18,337.0

2.5 199.0 30.3
5.5 306.6 74.6
7.0 68.8 552.4
1.0 44.3 7.0
2.0 15,388.0 1,473.0
10.3 5.6 0.1
0.0 11,300.0 448.6

8,375.0 16,135.0 9,202.0

0.0
0.0
10.0
0.0

1,120.0
0.0

40.0
22,731.0

(a) Grams per trawl
(b) Groups from similarity analysis
(c) Taxa found only in otter scats and epifaunal  samples, this study
(d) Not Specifically identified from otter scats
(e) Taxa reported from other studies and found in c?PffaUniil samples,

this study
(f) Including Limanda aspera—  —
* = Major prey items
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Sea otter prey items found in other studies are also 1 isted in Table
6.5-5, with corresponding mean biomass values for epifaunal site groups
determined during the present study. The greatest mean biomass values

for most prey taxa occur in site group IB1. The distribution of this
site group is primarily in areas not occupied by site group IA, namely
deeper stations off Izembek  Lagoon and Port Moller, and shallow stations

between Izembek Lagoon and Port Moller as well as the central Unimak
1s1 and coast (Figure 6.3-4).

The data available from this and other studies indicate that sea otters
in the areas offshore the coastal lagoons and bays have large food
resources of flatfish,  crabs and clams available, and that areas between
the lagoons and bays contain a greater variety of invertebrate food
resources. The seasonal aspects of sea otter food resources are not

clearly understood for the North Aleutian Shelf study area. Adult red
king crabs (Paralithodes  camtchatica) move into the area during summer
from deeper wintering grounds; adult yellow fin sole migrate east into
Bristol Bay during the summer (Bakkala  1981).

Comparisons in the abundance of selected infaunal and epifaunal  para-
meters were made among areas and depths of high and low otter abundance
to assess the relative importance of otters versus other environmental
variables on these organisms (Table 6.5-6). Most values correspond
primarily with physical factors. For instance, the low abundance of
organisms in shallow depths (0-20 m) in all areas is attributed to the
apparent harsh inshore conditions. Large clam and flatfish abundance
was high in all sandy areas, regardless of depth. Seasonally, the
abundance of clams was greatest in June and decreased through the
sumnero This trend could be attributed to otter or fish predation.
Total epifaunal biomass and yellowfin/rock sole biomass was higher in
August and October in shallow habitats and lower in deeper waters. This
distribution and abundance corresponded with the abundance of sea
otters. The seasonal movement of flatfish (an apparent primary prey
item of the otters) to shallower waters and co-occurrence with otter
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TABLE 6.5-6

COMPARATIVE ABUNDANCE OF BENTHIC INFAUNA AND EPIFAUNA

June August October
0-20 21-40 41-60 0-20 21-40 41-60 0-20 21-40 41-60

Area Transects (m) (m) (m) (m) (m) (m) (m) (m) (m)

Infaunal Species (mean/O.25 m2)

Unimak 1-2 15 30 26

Izembek 3-6 12 18 40

Black Hills 7-8 10 25 25

Port Moller 9-11 8 18 29

Infaunl Specimens (mean/O.25 m2)

Unimak 1-2 384 445 116

Izembek 3-6 102 115 407

Black Hills 7-8 49 243 152

Port Moller 9-11 48 344 526

Diversity  (H)

Unimak 1-2 1.20 2.37 2.50

Izembek 3-6 1.73 2.06 2.00

Black Hills 7-8 1.76 1094 2.37

Port Moller 9-11 1.70 1.78 1.55

31

46

26

33

231

364

300

502

2.20

2.88

2.03

1.66

14 32

27 34

10 32

33

93 158

339 304

68 1,988

301

1.42 -

2 .15  2 .69

1.51  0 .48

- 1.78
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TABLE 6.5-6

(continued)

June August October
0-20 21-40 41-60 0-20 21-40 41-60 0-20 21-40 41-60

Area Transects (m) (m) (m) (m) (m) (m) (m) (m) (m)

Large Clams

Unimak 1-2 2.6 12.4 15.8 - - 9.3 - 2.5 9.0

I zembe k 3-6 18.1 11.4 5.2 - - 5.0 - 29.1 2.8

Black Hills 7-8 0.0 2.8 18.0 - - 13.3 - 0.0 1.0

Port Moller 9-11 1.3 23.8 17.7 - - 8.0 - - 0.5

Total Epifaunal Biomass (kgms/trawl)

Unimak 1-2 10.3 24.8 17.8 137.0 11.0 8.1 - 10.3 5.6

Izembek 3-6 20.8 67.3 41.9 28.0 - 17.4 30.2 27.5 11.9

Black Hills 7-8 9.8 11.7 99.3 18.2 64.7 35.6 22.1 - 18.9

Port Moller 9-11 - 130.4 137.0 60.8 35.9 52.4 16.0 20.5 13.5

Yellowfin and Rock Sole (kgms/trawl)

Unimak 1-2 8.5 9.0 11.6 8.9 10.0 5.9 - - 5.3

Izembek 3-6 18.5 45.6 35.2 - 19.5 16.1 18.8 17.0 6.6

Black Hills 7-8 9.2 40.6 9.5 - 27.9 - - 14.3

Port Moller 9-11 - 60.9 61.3 37.5 22.6 28.3 5.1 17.0 6.4

- = Not determined
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abundance in sandy areas suggests that the presence of flatfish and

crabs might be the ultimate factor regulating the seasonal movement of
otters between the Pacific Ocean and the Bering Sea.

These results suggest that the distribution of communities, abundance
indices and most selected prey is regulated primarily by environmental
factors, namely sediment and depth, not by sea otter predation. In

turn, the seasonal and spatial distribution of otters appears to be
regulated primarily by season (possibly triggered by higher temperatures

and seasonal abundance of flatfish and crabs), secondarily by habitat

( sandy areas with fl atf ish, crab and cl ares) and thirdly by distance from
the source of migrating animals (Bechevin  Bay).

Sea otters in the Kurile Islands of Russia were also reported to feed on
fish, crab and octopus during the sumner and sea urchins and molluscs
during the winter (Shitikov 1971 cited by Estes et al. 1981). Results

from this study indicate that sea otters migrate from the Pacific Ocean,
where they feed (on urchins and molluscs?) in the winter, to the Bering
Sea in the sumner where they feed on fish, crab and clams. The movement
of these sea otters correspond with the movement of crabs (Armstrong et
al. 1983) and yellowfin sole (Bakkala  1981) to shallow waters in late
winter-early spring. The migration of these otter prey items has been
attributed to warmer temperatures and perhaps increased food supply.
While the ulitmate  factor regulating the seasonal sea otter migration
may be to feed on flatfish and crab, the proximal factor may be tempera-
ture. Results of this study indicate a warm temperature plume in the
study area centered off the Izembek Lagoon. The migration of flatfish
to deeper waters in the fall occurs with decreasing temperatures
( Bakkal a 1981). By October, most of the otters have also left the area
even though they are able to survive throughout the year at much lower
temperatures. The overall high abundance of sea otters in the area is
attributed to the high quality (abundance of prey items) and quantity

(broad, shallow shelf for feeding) of the habitat.
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6.6 Impacts of Oil and Gas Exploration and Development

Introduction. Determination of impacts includes evaluation of a series
of interacting processes, namely those among the various phases of
oil and gas exploration and development and the biological processes
associated with the the sea otter’s life history. Since there is a
varying degree of knowledge in each step, there is an even greater
uncertainty in the resulting projected impacts. This discussion

follows the four major phases of oil development outlined by Geraci and
St. Aubin (1980) in their review of impacts of oil on marine mammals
(Table 6.6-l).

Exploration. Exploration involves seismic and drilling surveys, as well

as air and vessel support. Seismic surveys produce shock waves which
are known to injure and kill sea otters, depending on the strength and
distance of the explosion, the nature of sea floor and water depth

( Geraci and St. Aubin 1980). Sublethal affects may include avoidance of
areas for feeding. Drilling, air support, vessel support and construc-
tion also result in increased noise and visual disturbances. Sea otters
will likely react to noise, depending on level, by diving and swimming
away. Such activity could reduce valuable feeding time. Some behavior-
al or physiological adaptations may occur with time as the animals
become more exposed to the potential hazards. Maximum impacts would
occur in the Izembek-Bechevin  area where maximum otter densities and
apparent migration occurs. Drilling also involves potential hazards of
a blowout, thereby releasing oil. The potential hazard of oil spills
will be discussed later.

Production. Production includes drilling, air support, vessel support
and construction which all involve potential noise hazards as addressed

earlier. Production also involves risks of oil spills. Factors regard-
ing the potential impacts of an oil spill on sea otters are the location

of the spill, size of the spill, season and local weather conditions.
The location of the spill and weather conditions are major factors that

81



SUMMARY OF
TO OIL AND GAS

TABLE 6.6-1

SEA OTTER VULNERABILITY
EXPLORATION AND DEVELOPMENT

Physical Important
Project Phase Factor Biological Response(a) Considerations

Exploration

Seismic explosions,
drilling, air and
vessel support

Production

Drilling, air and
vessel support

Drilling and vessel
support

Transportation

Vessels

Pipeline emplacement

Onshore Facilities

Noise

Noise

Oil
spills

Noise

Sediment
disturbance

Noise

Oil
s p i l l s

Possible mortalities;
disturbance

Possible mortalities;
disturbance

Probable mortalities
( fouled fur and
possible toxicities);
probable disturbance
(decreased feeding,
slick, tainted prey,
sediments)

Possible mortalities;
disturbance

Possible mortalities;
disturbance

Possible mortalities;
disturbance

Probable mortalities
( fouled fur and
possible toxicities);
probable disturbance
(decreased feeding,
sllck, tainted prey,
sediments)

Depends on decibles,
environmental con-
ditions, locat ion
of otters

Depends on decibles,
environmental con-
ditions, location
of otters

Depends on physical
and chemical char-
acteristics and
location of spill

Depends on decibles,
environmental con-
ditions, location
of otters

Depends on location,
size of area and
period of distur-
bance

Depends on decibles,
environmental con-
ditions, location
of otters

Depends on physical
and chemical char-
acteristics and
location of spill

(a) Represents short-term impacts which may lead to mortalities. Subsequent
implications of mortalities on long-term status of population are too
variable to address at this time.
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would determine the trajectory of the spill. Distance offshore and

atmospheric conditions will al so determine the size and shape of the
slick as well as the concentration of toxic components. Any spill near

the center of the sea otter distribution, nearshore of the Izembek
Lagoon and Bechevin Bay, would have the greatest impact on the otter
population. The type of oil spilled Is critical. Crude oil m a y  d a m a g e

the fur more, while refined oils may be more toxic. Much of the oil

handled in the area would likely be crude. Finally, season is critical
since oil spills, which are more likely to occur during the winter

months because of rough weather, would only  Impact 10 percent of the

total population, but If females and/or pups are present or if the oil
settles to the benthos, longer-term impacts may occur.

Impacts of an oil spill on the sea otter depends critically on the

ability of otters to avoid the spill. Both field and laboratory studies
on sea otters have been conducted but are limited. Additional informa-
tion has been extrapolated from studies on other marine manunals.

Otters would be susceptible to oil slicks since they spend much time on

the surface feeding, cleaning, rafting and moving from place to place

(Schneider 1981). Results of laboratory studies concluded that otters
do not avoid oil (Siniff et al. 1982). These results are hard to
extrapolate to field conditions due to the small size of the pool.
Additional evidence indicates that otters can not avoid oil slicks.
Otters often swim on their back with their head looking toward their
tail (Danial Costa, UCSC, personal observation; Kenyon 1969). This
swimming behavior may preclude visual observations of objects in front
of them as is the case when otters are captured in tangle nets which

extend down from the surface. Not all otters can be captured in this
way; many see the net and either swim under or around it. Sea otters
may respond to an oil slick in a similar way, with some animals swimming
into it and being fouled while others might avoid it. The shape and
size of the slick may modify their avoidance success.
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Some evidence suggests that otters may avoid oil slicks. Barabash-

Nikiforov, et al. (1947) indicate that Japanese poachers used petroleum
products to herd otters away from the shore; sea otters apparently
possess a highly developed sense of smell (Kenyon 1969) and may detect
the petroleum odor, and thereby avoid the slicks.

Direct contact with oil is the most obvious and potentially damaging

consequence of oil contamination to sea otters. Apparently, no oil

spills have occurred in a sea otter population that has been closely
monitored to determine impacts on the otters. Kenyon (1969) stated that

the Shumagin Island population, south of the Alaska Peninsula, “was
certainly reduced when a tanker and a freighter were wrecked and spilled
oil in this area during World War II,” and that “many sea otters and
ducks were ki 11 ed by oil on the water ( Kenyon 1964)”. Kenyon did not
indicate the number of mortalities nor the means of assessment.

The most common impact of oil contamination upon sea otters reported
thus far is the loss of thermal insulation from fouling of the fur.
Thermal homeostasis  in sea otters is dependent upon the presence of an

air layer entrapped in the very dense underfur (Costa and Kooyman 1982)4
When oil comes into contact with the fur this air layer is destroyed and
results in a loss of heat. Otters have the highest heat production of
any mammal of equal size (Costa and Kooyman 1982; Iversen and Krog 1973;
Morrison et al. 1974). A large decrease in thermal insulation, as a
result of fouling of the fur by oil, is likely to require a correspond-
ing increase in heat production that could not be maintained for an
extended period (Costa and Kooyman  1982).

Oil fouling of 30 percent or more of the sea otter’s fur surface is
estimated to result in death from hypothermia or pneumonia (Costa and

Kooyman 1979). Otters coated with oil up to 10 percent of their body
surface survived at least 20 days. In a similar study, Siniff et
al. (1982) found that sea otters survived between four days to three
weeks after the application of 25 mls of crude oil. In both studies,
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increases in oil exposure increased the time spent grooming, specifi-
cally the oil-fouled fur. However, these studies were conducted during

the summer when the weather is mildest and the animals could forage in

areas where prey availability was high. In rough weather when tanker

or other oil development accidents could be more likely, the otters
foraging ability might be reduced, making the animals more susceptible
to ramifications associated with spills.

The sensitivity of sea otters to oil toxicity has not been directly
examined due to the more profound thermoregulatory consequence of loss
reduced thermal insulation due to oil-fouled fur. However, toxic
effects may prove to be important when otters are exposed to quantities
of oil insufficient to cause immediate death from hypothermia or
pneumonia. Several studies have shown that sea otters can survive small
amounts of crude oil (10% of the body surface covered, Costa and Kooyman
1979; 25 mls, Siniff, et al . 1982). However, the oil was removed by the
otters grooming activities, which included licking of the oil-fouled

area. Therefore, as the fur is groomed, oil is ingested and could
result in acute or chronic systemic toxicity.

Analysis of other studies does not firmly establish if ingested oil is

toxic to sea otters. Sea otters ingest and process the largest material
and fluid volume of any marine mammal of its size, and therefore could
be ingesting large quantities of potentially toxic compounds. However,

this large fluid intake could also help to flush ingested oil compounds
out of their system, thereby preventing accumulation to toxic levels.

Sea otters exposed to oil under laboratory conditions did not exhibit
noticeable toxicity from oil ingestion (Costa and Kooyman 1982).
However, these otters were exposed to oil for only 12 hours in three
experiments and six days in one experiment. Such brief periods could
have precluded the ingestion of significant amounts of oil. Free-
ranging sea otters that were oiled and followed via radio-transmitters
for two to three weeks in the field did not exhibit obvious toxic
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effects (Costa and Kooyman 1979). In addition, Siniff et al. (1982)

did not rule out the possibility of death due to oil toxicity in one
otter that died after swimming in an oil-coated pool for 12 hours.

Little is known concerning the indirect effects of crude oil, but these
may include environmental contamination that may result in reduction or
avoidance of prey items and habitat. Oil uptake by prey organisms could

result in the death of the prey due to oil toxicity or to its becoming
tainted and unpalatable to sea otters. Sediments tainted with oil might

also inhibit feeding. The turbulent nature of the area and relatively

unstratified water column of the North Aleutian Shelf (Schumacher et
al. 1979) increases the chances of oil being transferred to the benthos

(Curl and Manen 1982). Impacts of oil are known to have long-term
impacts on benthic organisms, such as clams (Armstrong et al. 1982)
which are important sea otter prey.

Further indirect effects could result from general habitat loss as the

sea otters move out of the area to avoid slicks. Time lost from feeding
is critical to sea otters; otters are estimated to use 30 percent of
their time feeding (Loughlin 1977, Shimek and Monk 1977) and adults
ingest 23 to 29 percent of their body weight per day (Kenyon 1969).

Starved
loss of
1974).
(Miller
Females
food is

animals loose 10 percent of their weight per day and a weight
23 to 24 percent (2 to 3 days time) would be lethal (Miller
In Alaska, many animals starve to death during the winter
1974) and during years of low food abundance (Kenyon 1969).
will abandon their pups in late winter and early spring when
scarce (Miller 1974). Time lost from feeding due to the oil

spill would be critical, especially at times of additional stress such
as low winter temperatures, low food availability and other ramifica-
tions of oil and gas exploration and development, such as cleaning
oiled fur.

Transportation. This phase involves transport vessels and pipeline
emplacement, involving potential noise and other hazards discussed
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previously. Pipeline emplacement can also disturb the bottom and impact
potential prey items. However, this impact would be local and therefore

minimal .

Transportation also involves onshore support in which potential onshore
activities may affect the sea otters. Since most potential onshore

facilities (Cold Bay and Port Moller) are removed from major otter

populations, onshore activity would not pose a problem to the otter
population in general. If Bechevin Bay and False Pass are major routes

for migrating otters, onshore activies in those regions could be of

consequence.

All phases of the development of inshore operation that might intersect

migration routes could impact otters. Such impacts could include boat
collisions and disturbances. The major impact again would occur in the
otter area of greatest abundance.

Summary. Recovery rates of the sea otter population following impacts
is necessary to assess long-term impacts of oil pollution. Estimates
of recovery rates depend upon the cause, duration and resulting impacts
as well as responses of the surviving population. Recovery from direct
impacts due to toxicity or fouling of fur would vary. Minimal recovery
time would occur if impacts occurred during the winter on a male
dominated population. In such a case, only a few animals would be
affected and recovery would be relatively fast. Longer recovery times
would occur if impacts occurred either during the summer when most of
the population would be present or in winter if the population consists
of females and pups. In addition, there is the possibility that if most
of the animals are seasonally migrating to the area, recovery may take
longer if the animal’s seasonal migration route is affected. Recovery

following indirect effects may take even longer if the cause of the
impact (oil) persists. If prey or sediments are tainted or contaminated
by oil, thereby preventing feeding, animals would either starve or leave
the area and possibly not return for a long time.
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The range of scenarios of possible oil spills (size, kind, area, etc.)
and lack of additional information on the population biology of the
local population (seasonal migration route, population structure of
winter and surrrner animals), vulnerability to oil (avoidance, toxicity)
and ability to recover makes it difficult at this time to predict
impacts more accurately. Sea otters are extremely vulnerable to oil
spills under certain conditions that would result in major impacts if:
oil comes into contact with the fur; noise, oil slick, odor, tainted
food or sediments disrupts feeding; large numbers of females are killed;
or seasonal migratory patterns are changed. If none of these events
occur or if they are only minor, impacts would be considerably less.
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SECTION 7.0

CONCLUSIONS

A series of field studies were conducted on nearshore biotic systems
along the North Aleutian Shelf with emphasis on the distribution and
abundance of the dominant infaunal and epifaunal  communities, the
resident sea otter population, the trophic interactions among these
biotic systems and the impact of oil and gas development on the sea
otters.

Nearshore bathymetry indicates a large shallow water shelf at depths
less than 60 m where otters can forage. Areas around the embayments

( Izembek Lagoon, Bechevin Bay and Port blol 1 er), where the otter abun-

dance is often highest,  had the largest shelf  areas.

Surface and bottom water temperatures ranged from 6.0 to 10.1”C and

5.0 to 9.5*C, respectively, with August values at the surface (9.O”C)

and bottom (9.3”C) higher than in June (7.6 and 6.3*C) or August

(6.9 and 6.9”C). Peak temperatures in August corresponded with the
highest abundance of sea otters. within the study area, a thermal plume
originates in the Izembek area and disipates with the current to the
northeast. These results suggest that warm waters either enters the
area via False Pass and Bechevin Bay, or are generated within the
shallow coastal embayments, and then mixes with the cold counter-

clockwise gyre moving towards Port Moller. Such a thermal plume may
affect sea otter seasonal migration.

Soft sediments in the area are primarily sand with varying amounts
of gravel and
acterized by
heterogeneous,
removed from

silt. Shallow waters (10 m) are homogeneous and char-
well-sorted sands, deeper waters (30-60 m) are more
characterized by poorly-sorted sand and gravel. Areas
the embayments (Unimak Island, Black Hills and Cape
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Seniavin)  have the highest gravel content (10-80%). Areas near the

coastal embayments and in shallow waters, where the highest abundance of
otters have been reported, are composed of sand with little gravel.

Infaunal samples were dominated in terms of species composition by
polychaetes, molluscs, crustaceans and echinoderms. Cluster analysis

resulted in the identification of three communities whose distribution

corresponded with depth and gravel content of the sediments. Community

I was a shallow (0-20 m) community in the sandy substrates along the
nearshore areas of the study site characterized by the clam Siliqua
patula. Community 11A was a deeper community (usually at 30 m) inhabit-
ing the sediments of high gravel content off Unimak Island, Port Moller
and Cape Seniavin and characterized by the polychaete Owenia. Community

IIB was the deep (30-60 m) community found in sandy substrates char-
acterized by the sand dollar Echinarachnius parma. Highest otter

abundance occurred were associated with the two sandy communities (1 and
IIB) .

Epifaunal  samples were dominated (by weight) by yellowfin sole (Limanda
aspera), rock sole (Lepidosetta bilineata) and seastars (Asterias and

Evasterias). C l u s t e r  a n a l y s i s  r e s u l t e d  in the identification of major

communities whose distribution and species composition varied in sub-
strate type and geographical location. Site group IA was characterized
by adult flatfish inhabiting soft sediments. Site group IB was char-
acterized by a mixture of hard-bottom organisms such as barnacles, hermit

crabs and tunicates. These two communities overlapped spatially more
than the infaunal communities.
descrete nature of the epifaunal
substrate types. The seasonal and
the sea otters corresponded with

This can be attributed to the less
trawls and patchy nature of the two
spatial distribution and abundance of
the abundance of flatfish and crabs.

Sea otter abundance varied significantly
area. Results indicated two seasons: a
of high otter abundance, and a winter

(p< .05) with season, depth and
sumner period (July-September)
period (October-June) with 90
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percent fewer otters. Otters were more abundant in shallow waters (0-20
m) in the Izembek area. Results strongly suggest that the otters
migrate in early sumner from the Pacific via False Pass to the study
area. The seasonal and spatial abundance of otters corresponded with

and, is  hypothesized to  be  a  resul t  o f ,  the  movement  of  crabs and

flatfish, important prey items. Most of the otters migrated out of the

area by October, well before winter ice.

Scat studies indicate that sea otters fed primarily on crabs, bivalves,

fish and possibly sand dollars. Such results suggest that otters are
feeding on some of the most available prey in terms of abundance and
accessibility. Other common sea otter prey, particularly sea urchins

and hermit crabs, were not found to be common prey. Fish could be the

most important prey item based on their usage in other Alaskan areas,
abundance in the study area and their close correspondence with the
distribution and abundance of sea otters.

A literature review of potential impacts of oil and gas exploration and
development was conducted on the sea otters, and in particular their
interactions on the benthic habitats. Studies indicate that oil spills
and blowouts potentially pose the most serious large-scale and long-term
effect; sonic booms, noise, visual disturbance and boat traffic all
would probably have local, short-term effects. Oil spills could result
in direct mortalities due to fouling of the fur inducing pneumonia or

toxicities. Indirect impacts, that include avoidance of feeding areas
due to surface slicks or tainting of prey, may lead to starvation and
may be just as damaging.

The greatest impacts would occur: seasonally, in the summer (approxi-
mately July-September) when the largest number of animals are present
in the winter (if the remaining population is composed primarily of
females); and spatially, near Izembek Lagoon and Bechevin Bay where most
of the otters were found. Outside the study area, the Bechevin Bay/
False Pass region may be an additional critical habitat if the sumner
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population migrates through this area. Long-term impacts could occur
f o r  y e a r s  f o l l o w i n g  t h e  initial i n c i d e n t s : i f  t h e  sumner s e a  o t t e r

population is not able to avoid oil slicks; if oil slicks prevent
feeding; if oil contaminates prey items or sediments and inhibits
feeding. Such impacts would either reduce the reproducing population

and/or create an uninhabitable environment for the sea otters.
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SECTION 8.0

SUGGESTED STUDIES

Results from this investigation indicate the need
to address specific issues. This discussion is
the six study objectives.

for additional studies

presented according to

Physical Factors. Substrate type was found to be a primary factor
regulating the distribution of both the infauna and epifauna. Results
indicate a patchwork or mosiac of habitat types distributed on a small

and large scale. Since samples of soft substrates were taken at des-

crete stations within and between habitats, the scale of variability
needs resolution. The use of side scan sonar in the area could provide

a more continuous distributional map of types of infaunal, epifaunal and

sea otter prey habitat.

Infauna. These studies described the major infauna communities. Many
large clams which are believed to be present in the study area were not
collected with the Van Veen grab. Many are located below the 16 cm

sediment depth that the grab penetrates. Therefore, studies of the
distribution of large clam species which may be important sea otter prey
items would be helpful.

Epifauna. Studies using the small trynet in the deeper (20-60 m)
portions of the study area adequately described the epifauna, with the
possible exception of larger fish. Seasonal studies in shallow waters
which could not be sampled during the fall and winter are needed to fill
in the data gaps regarding habitat usage by flatfish and other species

as well as the availability of prey to sea otters.

Sea Otters. Results strongly suggest the seasonal movement of otters in
and out of the study area, probably through False Pass. Studies are
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needed to determine the specific role of the various areas on the

populational  biology of the sea otters. This information is necessary

to critically evaulate short-term and long-term impacts of oil on the
otters.

Trophic Interactions. Results from the limited otter feeding
collected are consistent with other studies in the area and other

of Alaska. Additional studies from different areas and seasons

data
parts
WOU1 d

help to clarify seasonal and spatial variability in otter feeding
habits. This could be accomplished through additional scat collections
and/or stomach analyses.

Impacts of Oil and Gas. Results generated from a review of the litera-
ture indicate that otters are potentially highly susceptible to impacts
from oil and gas exploration and development. However, their actual

susceptibility is largely dependent on three unknown variables: their

ability to avoid oil slicks, impacts of oil slicks on feeding behavior,
and the impacts of contaminated or tainted prey on feeding. These three
field studies would be needed to more accurately determine short-term
and long-term impacts. The results of these studies along with the
information generated from the sea otter populational studies suggested

above will provide a more precise estimate of impacts.

94



SECTION 9.0

REFERENCES

Armstrong, D., L.K. Thorsteinson and C.A. Manen. In Prep. Coastal
habitats and species. In L. Thorsteinson (Ed.), Proceedings of a
synthesis meeting on th~North Aleutian Shelf. NOAA/ NOS/OCSEAP ,
U.S. Dept. of Commerce.

ASTM. 1972. Annual Book of Standards, Part 41, Specification D422-63.
American Society of Testing Materials, Philadelphia, PA.

Bakkala, R.G. 1981. Population characteristics and ecology of yellow-
fin sole, pages 553-574. In D.W. Hood and J.A. Calder (Eds), The
eastern Bering Sea Shelf: tieanography and resources. NOAA/OMPA,
U. of Washington Press.

Barabash-Nikiforov, 1.1., V.V. Resketkina nd N.K. Shidlovkays. 1947 ●

The sea otter (Kalan). (Translated by the Isr. Program Sci.
Transl. 1962) . Glarnoe upravlenie po zaporednikam.

Best, E.A. 1981. Halibut ecology, pages 495-509. In D.W. Hood and
J.A. Calder (Eds.), The eastern Bering Sea Shelf:~ceanography  and
resources. NOAA/OMPA, U. of Washington.

Bray, J.R. and J.T. Curtis. 1957. An ordination of the upland forest
communities of southern Wisconsin. Ecol . Monogr. 27:325-349.

Burrell, D.C., K. Tommos, A.S. Naidu and C.M. Hoskin. 1981. Some
geochemical  characteristics of the Bering Sea sediments, pages 305-
320. In D.W. Hood and J.A. Calder (Eds.), The eastern Bering Sea
Shelf:~ceanography and resources. NOAA/OMPA, U. of Washington.

Cline, J., C. Katz and H. Curl, Jr. 1981. Circulation processes in
Bristol Bay, Alaska using dissolved methane as a tracer. In
Environmental Assessment of the Alaskan Continental Shelf. Vol.~
Transport. NOAA, U.S. Dept. of Commerce.

Costa, D.P. 1982. Energy, nitrogen, and electrolyte flux and sea water
drinking in the sea otter, Enhydra lutris. Physiol. Zool. 55(l):
35-44.

Costa, D.P. and G.L. Kooyman. 1979 ● Effects of oil contamination in
the sea otter, Enhydra lutris. Final Report RU #71, NOAA/OMPA,
U.S. Dept. of Commerce.

Costa, D.P. and G.L. Kooyman. 1982. Oxygen consumption, thermoregula-
tion, and the effect of fur oiling and washing on the sea otter,
Enhydra lutris. Can. Jour. Zool . 60(11):2761-2767.

95



Costa, D.P. and G.L. Kooyman. 1982. Oxygen consumption, thermoregula-
tion, and the effect of fur oiling and washing on the sea otter,
Enhydra lutris. Can. Jour. Zool . 60(11) :2761-2767.— .

EAP . 1983. EAP Users Manual. Ecological Data Analysis. Ojai, CA.

Cur l ,  H .  and C.  Manen.  1982. Shellf ish resources, pages 141-159. I n
J. Hameedi (Ed.), The St. George Basin Environment and Possib~
Consequences of Planned Offshore Oil and Gas Development. OCSEAP
Proc. Synthesis Meeting, Juneau, AK 1981. NOAA/OMPA.

Estes, J.A. and R.J. Jameson. 1983. Summary of available population
i n f o r m a t i o n  o n  C a l i f o r n i a  s e a  o t t e r s . POCS Tech. Pap. 83-11,
Pacific OCS, Los Angeles.

Estes, J.A., R.J. Jameson and A.M. Johnson. 1981. Food selection and
some foraging tactics of sea otters, pages 606-641. In J.A.
Chapman and D. Pursley (Eds.), Proc. Morldwide Furbeare~Conf.

Estes, J.A., R.J. Jameson and E.B. Rhode. 1982. Activity and prey
election in the sea otter: influence of population status on
community structure. Am. Nat. 120(2) :242-258.

Fauchald, K. and P.A. Jumars. 1979. The diet of worms: a study of
polychaete feeding guilds. Oceanogr.  Mar. Biol. Ann. Rev. 17:193-
284.

Favorite, F. and T. Laevastu. 1981. Finfish and the environment, pages
597-610. In D.W. Hood and J.A. Calder (Eds.), The eastern Bering
Sea Shelf :~ceanography and resources. NOAA/OMPA, U. of Washington.

Feder, H. and S. Jewett. 1980. A survey of the epifaunal  invertebrates
of the southeastern Bering Sea with notes on the feeding biology of
selected species. IMS Rept. R78-5, University of Alaska, Fairbanks.

Feder, H.M. and S.C. Jewett. 1981. Feeding interactions in the eastern
Bering Sea with emphasis on the benthos, pages 1229-1262. In D.W.
Hood and J.A. Calder (Eds.), The eastern Bering Sea Shelf: ~eano-
graphy and resources. NOAA/OMPA, U. of Washington.

Gerac i , J.R. and D.J. St. Aubin. 1980. Offshore petroelum resource
development and marine mammals:
tion. Mar. Fish. Rev. 42:1-12.

Geraci, J.R. and T.G. Smith. 1976.
on ringed seals (Phoca hispida)
Board Can. 33: 197m -

a review and research recommenda-

Direct and indirect effects of oil
of the Beaufort Sea. J. Fish Res.

96



Haflinger, K . 1981. A survey of benthic infaunal communities of the
southeastern Bering Sea Shelf, pages 1091-1104. In D.W. Hood a n d
J.A. Calder (Eds.), The eastern Bering Sea Shelf: oceanography and
resources. NOAA/OMPA, U.S. Dept. of Commerce.

Hood, D.W. and J.A. Calder. 1981. The eastern Bering Sea Shelf:
oceanography and resources. NOAA/OMPA, U. of Washington. 1339
PP “

Hughes, S. and N. Bourne. 1981. Stock assessment and life history of a
newly discovered Alaska surf clam (Spisula polnyma) resources in
the southeastern Bering Sea. Can. ~.- Sci. 38:1173-
1181.

Ingraham, 11.J. 1981. Shelf Environment, pages 455-470. In D.W. Hood
and J.A. Calder  (Eds.), The eastern Bering Sea Shelf: tieanography
and resources. NOAA/OPMA,  U. of Washington.

Iversen, J.A. and J. Krog. 1973. Heat production and body surface area
in seals and sea otters. Norw. J. Zool. 21:51-54.

Kenyon, K.W. 1964. Wildlife and historical notes on Simeonof Island,
Alaska. Murrelet 45(1):1-8.

Kenyon, K.W. 1969. The sea otter in the eastern Pacific Ocean. U.S.
Dept. Int. Bur. Sport Fish. Wild. N. Am. Fauna No. 68. 352 pp.

Kinder, T.H. and I.D. Schumacher. 1981. Circulation over the Continen-
tal Shelf and southeastern Bering Sea, pges 53-76. In D.W. Hood
and J.A. Calder (Eds.), The eastern Bering Sea Shelf: oceanography
and resources. NOAA/OMPA, U. of Washington.

Lensink, C.J. 1958. Report on sea otter surveys 6 May to 28 September
1957. Unpublished Report, U.S. Fish & Wildlife Service Files,
Anchorage. 61 pp.

Loughlin,  T.R. 1977 ● Activity patterns, habitat partitioning, and
grooming behavior of the sea otter, Euhydra lutris, in California.
Ph.D. Diss., Univ. Calif. at Los A--geles. 110 pp.

Loptspeich, F.B. and F.H. Everest. 1981. A new method for reporting
and interpreting textural composition of spawning gravel . Res.
Note ( PNW-369  ). PNW Forest and Range Exp. Station, Forest Service,
U.S. Dept. of Commerce. Paes 1155-1204.

McDonald, J., H. Feder and M. Hoberg. 1981. Bivalve molluscs of the
southeastern Bering Sea, pages 1155-1204. In D.W. Hood and J.A.
Calder (Eds.), The eastern Bering Sea She~: oceanography and
resources. NOAA/OMPA, U. of Washington.

97



McLaughlin, P.A. 1963. Survey of the benthic invertebrate fauna of
the eastern Bering Sea. U.S. Fish & Wildlife Serv., Sp. Sci.
Rept.-Fish, No. 401.

Miller, D.J. 1974. A summary of taxonomic  status, life history and
some ecological interactions of the sea otter, Enhydra lutris.
Pauer prepared for Annual Meeting, Amer. Fish. So~~e
Soc ., Monterey, CA. February 1974.

Morrison, P., M. Rosenmann and J. Estes. 1974. Metabolism and thermo-
regulation in the sea otter. Physiol. ZOO1. 47:218-229.

Pereyra, W.R., J .E. Reeves and R.G. Bakkal a. 1976. Demersal Fish and
Shellfish Resources of the Eastern Bering Sea in the Baseline Year
1975 ● Northwest & Alaska Fisheries Center Processed report.

SAS . 1982. SAS User’s Guide: Statistics. SAS Institute, Inc. Gary,
N.C.

Schneider, K. 1976. Distribution and abundance of sea otters in
southeastern Bristol Bay. Final Report ( RU 241 ), NOAA/OCSEAP,
Juneau, AK.

Schneider, K. 1981. Distribution and abundance of sea otters in the
eastern Bering Sea, pages 837-846. In D.W. Hood and J.A. Calder
(Eds.), The eastern Bering Sea Shelf=oceanography  and resources.
NOAA/OMPA, U. of Washington.

Schneider, K. and J. Fare. 1975. Effects of sea ice on sea otters. J.
Mammal . 56(1) :91-101.

Schumaker, J., T. Kinder, D. Pashinski and R. Charwell. 1979. A
structural front over the Continental Shelf of the eastern Bering
Sea. J. Phys. Oceanog 9:79-87.

Shimek, S.H. and A. Monk. 1977. The daily activities of the sea otter
off Monterey Peninsula, California. J. Wildl. Manage. 41:271-283.

Sharma, G.D. 1979. The Alaska Shelf: Hydrographic, sedimentary and
geochemical  environment. Springer-Verlag, New York.

Shitkov, A.M. 1971. The influence of the trophic factor on the
abundance and distribution of the sea otter on the northern and
middle Kurile
239-277.

Siniff, D.B., T.D.
Experiments on
contamination.

Islands. Proc. R e s .  I n s t .  F i s h .  O c e a n .  (TINRO)80:

Wi l l iams, A.M. Johnson and D.L. Garshelis. 1982.
the response of sea otters, Enhydra lutris,  to oil
Biol. Cons. 23:261-272.

98



Smith, G.B. 1981. The biology of walleye pollock, pages 527-552. In
D.W. Hood and J.A. Calder (Eds.), The eastern Bering Sea Shel~
oceanography and resources. NOAA/OMPA, U. of Washington.

Stoker, S. 1981. Benthic invertebrates macrofauna of the eastern
Bering/Chukchi Continental Shelf. In D.W. Hood and J.A. Calder
(Eds.), The eastern Bering Sea Shel~oceanography  and resources.
NOAA/OMPA, U. of Washington.

Straty, R.R. 1981. Trans-shelf movements of Pacific salmon. In D.W.
Hood and J.A. Calder (Eds.), The eastern Bering Sea Shelf: tieano-
graphy and resources. NOAA/OMPA, U.S. Dept. of Commerce.

Thorsteinson, F.V. and L.K. Thorsteinson. 1982. Fisheries workshop.
In S. Zimmerman (Ed), Draft, proc.  Synthesis North  Aleutian Shelf,
~AA/OMpA,  U.S. Dept. of Commerce.

Wespestad, V.G. and L.H. Barton. 1981. Distribution, migration and
status of Pacific herring, pages 509-526. In D.W. Hood and J.A.
Calder (Eds.), The eastern Bering Sea She~: oceanography and
resources. NOAA/OMPA, U.S. Dept. of Commerce.

Wild, P.W. and J.A. Ames. 1974. A report on the sea otter, Enhydra
lutris L., in California. California Dept. Fish Game, Ma~
T&3i7Rept. 20:1-93.

99



SECTION 10.0

APPENDICES

Appendix A Modifications of sediment analysis from ASTM (1982)

Appendix B Hydrography data

Appendix C Taxonomic list of  organisms ident i f ied

Appendix D Raw data from infaunal samples

Appendix E Raw data from epifaunal samples

Appendix F Raw data from sea otter surveys

100 ‘



APPENDIX A

MODIFICATIONS OF SEDIMENT ANALYSIS FROM ASTM (1972)

Homogenization was accomplished by kneading the sample bag for several

minutes. Following digestion of organics, the samples were wet sieved

on a No. 230 sieve. Material passing through the sieve was then trans-

ferred to a settling chamber; the remainder was dried at 103°C, cooled,
weighed and placed on a nest of sieves of varying sizes (Nos. 5, 7, 10,
14, 18, 25, 35, 45, 60, 80, 120, 170 and 230). The material retained on
each sieve was then weighed. Approximately 30 grams of the material

which passed through the No. 230  s ieve  was t ransfer red  to  a  set t l ing

chamber; 5 ml of sodium hexametophosphate was added and diluted to 1

l i t e r  w i t h  d e i o n i z e d  w a t e r . The samples were allowed to soak for 12

hours . A settling cyliner was then thoroughly mixed, returned to
vertical position and 25 ml aliquots withdrawn at specified times and

depths.

covered

cool ing

The aliquots were placed in a tared 50 ml beaker which was
and dried in an oven at 90°C. The beakers were reweighed after
for one hour.



APPENDIX B

HYDROGRAPHY DATA

June 1982
Contour Depth Temperature Salinity Conductivity Sigma-T

Transect (m) (m) (“c) (0/00) (m(s)/cm) (G/cc)

1
1

:
2
2
3

;
3
4
4
4
4
6
6
7
7
7
7
8

:
8
9
9
9
9
9
9
9

1:
10
10
10
10
10

20
20

:

::
30
30

:
30
30
50

x
20
30
30
50
50
30
30
50
50
30
30
30
30
50
50
60
60
20
20
30
30
50
50

0
17

2:
0

25
0

21

3:
0

30
0

49
0

18

3:

5:
0

32
0

48

2;

2:
0

44
0

53
0

22
0

26
0

50

6.0
5.8
5.9
5.8
6.4
6.3
6.5
6.0
6.3
5.7
6.8
6.8
5.7
5.0
7.5
7.1
10.3
9.5
9.1
7.1
9.8
9.1
9.4
8.4
9.3
9.1
9.7
9.2
9.1
8.0
9.1
7.4
9.3
9.3
9.2

:::
7.2

31.61
31.46
31.51
31.48
31.80
31.83
31.83
31.50
31.59
31.29
32.14
32.14
31.20
31.70
32.75
32.42
34.83
34.38
34.18
32.59
34.35
33.96
34.39
33.62
33 ● 99
33.81
34.28
33.94
33.93
33.08
34.08
32.69
33* 35
33.35
33.52
33.52
33.33
32.10



APPENDIX B

(continued)

August 1982

Contour Depth Temperature Sal in i ty  Conduct iv i ty  S igma-T
Transect (m) (m) (“c) (0/00) (m(s)/cm) (G/cc)

1
1
1
1
1

:
1
2
2
3
3
3
3
4
4
4
4
4
4
6
6
6

:
6
7

;
7
7

;
8
8

:
8

20
20
30

::
50
60
60
60

::
60

%
20

::
50
50
50
20
20
30
30
50
50
30
30
50
50
60
60
30
30
50
50
60
60

0
16

0
25

0
44

0
54

0
58

0
58

0
58

0
15

3;

3:

1:
0

32
0

44
0

31

5!?
o

58
0

32

4:
0

56

7.9
7.7
7.9
7.6
8.3

;::
7.3
8.4
6.9
8.8
6*6
8.9
6.5
9.6
9.6
8.9
8.5

::;
9.9
9.9
9.3
8.9
9.3
7.8

10.3
9.5
9.1
7.1
9*O
6.9
9.8
9.1

::;
9.1
6.4

33.16
33.06
33.15
33.05
33.37
32.95
33.54
32.89
33.67
32.68
34.10
32.33
34.14
32.19
34.38
34.36
34.03
33.78
34*O4
34.03
34.62
34.61
34.25
34.01
34.31
33.16
34.83
34.38
34.18
32.59
34.02
32.44
34 ● 35
33.96
34.39
33.62
34.23
32.02



APPENDIX B

(continued)

August 1982 (continued)
Contour Depth Temperature Salinity Conductivity Sigma-T

Transect (m) (m) (“c) (0/00) (m(s)/cm) (G/cc)

9
9
9
9
9
9
9

1:
10
10

1
10

30
30
30
30
50
50
60
60
20
20
30
30
50
50

2:
0

26

4:

5;
o

22
0

26
0

50

9.3
9.1
9.7
9.2

::;
9.1
7.4
9.3
9.3
9.2

:::
7.2

33.99
33.81
34.28
33.94
33.93
33.08
34.08
32.69
33 ● 35
33.35
33.52
33.52
33.33
32.10

October 1982
Contour Depth Temperature Salinity Conductivity Sigma-T

Transect (m) (m) (“c) ( 0/00) (m(s)/cm) (G/cc)

1
1
1
1
2
2
2
2
2

;
2
3
3
3
3
3

60
60
60
60
10
10
30
30
50
50
60
60
20

::
30
50

0
59

5:
0

29
0

35

5:

6;

1;
o

27
0

6.9
6.9
6.9
6.9
6.6
6.6
6.8
6.8
6.8
6.8
6.8
6.7
6.8
6.8
6.9
6.9
6.9

31.94
31.96
31.95
31.96
31.69
31.70
31.80
31.81
32.05
32.08
32.10
32.22
31.74
31.72
31.76
31.76
32.07

32.38
32.44
32.39
32.44
31.95
31.96
32.21
32.22
32.42
32.45
32.49
32.55
32.15
32.15
32.20
32.22
32.56

25.092
25.112
25.104
25.112
24.927
24.936
24.996
24.998
25.192
25.212
25.222
25.332
24.940
24.928
24.951
24.953
25.190



APPENDIX B

(continued)

October 1982 (continued)
Contour Depth Temperature Salinity Conductivity Sigma-T

Transect (m) (m) (“c) ( 0/00) (m(s)/cm) (G/cc)

3
3
3
4
4
4
4
4
4
4
6
6
6
6
6

:
6
7

;

;
7
9

:
9
9
9

10
10
10
10
10
10
10
10

50
60
60
20
20
50
50
50
60
60
20
20
30

:;
50
60
60
30
30.
50
50
60
60
30
30
50
50
60
60
20
20
20
20
30
30
30
30

45
0

59
0

15
0
0

48
0

61
0

18
0

28
0

48

5:
0

24
0

55

5:

1:
0

44
0

57
0

21
0

20
0

26
0

20

6.9
6.9
6.9
6.3
6.6
7.0
7.0
7.0
7.0
7.0
6.9
6.9
7.0
7.0
7*O
7.1
6.9
5*9
6.7
6.7
6.9
6.9

;::
6.7
6.7
7.0
7.0
7.4
7.4
6.7
6.7
6.6
6.7
7.0
7.0
6.7
6.7

32.07
32.05
32.06
31.35
31.49
32.02
32.02
32.05
32.11
32.10
31.46
31.51
31.63
31.65
32.02
32.03
32.13
32.12
31.25
31.36
32.01
32.01
31.73
31.72
31.32
31.32
31.79
31.80
31.82
31.82
31.24
31.28
30.85
30.87
31.52
31.52
30.77
30.76

32.57
32.52
32.56
31.36
31.72
32.54
32.54
32.58
32.60
32.62
31.91
31.97
32.19
32.21
32.58
32.63
32.61
32.62
31.56
31.72
32.49
32.45
32.60
32.63
31.70
31.71
32.32
32.34
32.75
32.75
31.63
31.67
31.20
31.24
32.07
32.08
31.15
31.15

25.186
25.179
24.184
24.698
24.772
25.145
25.145
25.171
25.216
25.210
24.725
24.760
24.836
24.852
25.136
25.147
25.236
25.232
24.575
24.656
25.142
25.148
24.872
24.861
24.621
24.626
24.967
24.971
24.934
24.935
24.562
24.587
24.266
24.277
24.754
24.751
24.194
24.190



APPENDIX B

(continued)

October 1982 (continued)
Contour Depth Temperature Salinity Conductivity Sigma-T

Transect (m) (m) (“c) (0/00) (m(s)/cm) ( G/cc)

10 50 0 7.3 31.76 32.57 24.902
10 50 47 7.3 31.76 32.59 24.902

30 31.05 31.65 24.381
:: 30 2: ;:: 31.05 31.67 24.383
11 50 7.6 31.67 32.75 24.791
11 50 4; 7.6 31.69 32.79 24.806

- = Values not determined



APPENDIX C

TAXONOMIC LIST OF ORGANISMS IDENTIFIED

Infaunal Epi faunal
Organisms Grabs Trawls

CHLOROPHYTA
PHAEOPHYTA

Unidentified species *
Laminariaceae

Laminaria sp. *
Al-

Alaria sp. *
Fucaceae
Fucus Sp. *

RHODOP~
Unidentified sp. *

ANTHOPHYTA
Zosteraceae

Zostera marina drift *
PORIFE~

Grantiidae
Grantia sp. *

Demo-
Myxillidae

Myxilla sp. *
m incrustans *
_ngia halichondrina *
Hal~e

Halichondria sp. *

Hallchondrla panicea *

Suberitidae
Suberites ficus *
$uberltes =nnus *
Isodictya quatsinoensis *

CNIDARIA
Hydrozoa

Bougainvilliidae
Pandea sp. 1
mtinia sp. 1

Tubulariidae
Tubularia sp. 1

Campanulariidae
Campanularia sp.
bells dlchotoma
m dubia
Lame



APPENDIX C

(continued)

Infaunal Epifaunal
Organisms Grabs Trawls

Campanulinidae
Tima sp.

Se~ariidae
Sertularella gigantea
Sertularella trlcusDldata
Sertularla varlabllis
~letlnarla sp.
bletlnarla variabilis

X131etlnarla n r .  urceo~us
h“bletlnarla turglda
bletlnarla ~

Thularla cedrina
T hularla

Haleciidae
Halecium
haleclum
~
Ualeclum

Anthozoa

_ica

Sp .
wil soni
~
Sp. 2

Zooantharia actiniaria
Anemone sp. 14
~sp. 15
~SD. 16
Anemone sp. 17
Anemone sp. 18
~sp. 19
~SD. 20
~sp. 21

Ac~ i dae
Stomphia  s p . ,  j u v e n i l e
Stomphia  sp.

Metrididae
Metridium seni le

PLATYH~  —

NEMERTINEA
NEMATODA
ANNELIDA

Polynoidae
Unidentified sp.
Arcteobia anticostiensis

*

*
*
*
*
*
*
*
*
*
*

*
*
*
*

*
*
*
*
*
*
*
*

*
*

*
*
*

*

*

*

*
*



APPENDIX C

(continued)

lnfaunal Epifaunal
Organisms Grabs Trawls

Eunoe cirrosa
mt~en uata
Harmothoe multlsetosa
~epldonotus squamatus

Sigalionidae
Pholoe minuta
mOfl sp.

Pisionidae
Pisione sp.

Ph-idae
Unidentified sp.
Phyllodocidae, juvenile
Analtldes groenlandica
ilnaltldes mucosa
Anaitides sp.
Phyllodoce sp.
Eteone sD.
EE6iiE lonaa
Tm&laJF7-
-ba~bata
Hesionura S D.

Hesionidae ‘
Hesionidae, juvenile

Syllidae
Unidentified sp.
Autolytus Sp.
Typosylli-s  Sp.
Eusyllls bl omstrandi
kxoqone sP.
-Syilis sp.
Dranla sp.

Nem
Unidentif ied sp.
Nereis sp.
Ne-ae

NeDht.Ys SP.
_ ciliata
- caeca

*
*
*
*

*
*
*
*

*

*

*
*
*
*
*
*
*
*
*
*
*
*

*

*
*
*
*
*
*

*

*
*
*

*

*
*
*

*



APPENDIX C

(continued)

lnfaunal Epifaunal
Organisms Grabs Trawls

Nepthys rickettsii
-1 ongosetosa
- ferrugi nea

.Sp~ri dae
Sphaerodoropsis minuta

Glyceride
Glycera sp.
- capitata

Goniadidae
Glycinde picta
Glycinde=era
On~

Onuphis iridescent
Lu~idae

Lumbrineris S D.
tumbrlnerls b~cirrata

Dorvilleidae
Protodorvillea  sp.
ODhrYotrocha  SD.
S~hl~tomerlngos caeca
Schlstomer~ngos  -ata

Orbinildae
Scoloplos armiger
ScoloDlos armeceDs

Paraonidae
Aricidea  n r .  suecica
Arlcldea lope-zi—  —~rlcedea SD. a
Paraonella’pl  atybranchia
Apistobranchus  tullb ergl

St)ionidae
sDionidae CIen Nova
Polydora s;.
Polydora socialis
~ol.vdora caullervi
Gat~yana  -

Prlonospio steenstrupi

+;;: filicornis
~Dhanes SK)..,

*
*
*

*

*
*

*
*

*

*
*

*
*
*
*

*
*

*
*
*
*
*

*
*
*
*
*
-k
*

*
*

*
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APPENDIX C

(continued)

Infaunal Epifaunal
Organisms Grabs Trawls

Spiophanes  bombyx
Spiophanesmeyorum
Scolelepls squamata
141nusplo cirrlfera
Ma~e

Magelona nr. cerae
Tfagelona saccm

Chaetopteridae
Chaetopterus  variopedatus
%)lOChM!tOD@WS  SD.
Spiochaetopterus  costarum

Cirratulidae
Cirratulus sp.

harvx  S D.
CfiiiE%zone setosa

Flabelligeridae
Brada villosa
msa sp.
~ pl umosa
Op~e

Armandia  brevis
ODhella S D.
m l’imacina
~a sp.
Iravisia forbesii
lravlsla pupa
Ophelina breviata

CaDitellidae

Barontolla sp.
Maldanidae

Praxillella sp.
hodine blrorquata

ow~
Owenia fusiformis

*
*
*
*

*
*

*
*
*

*
*
*

*
*
*

*
*
*
*
*
*
*

*
*
*
*
*

*
*

*

*

*
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APPENDIX C

(continued)

Infaunal Epifaunal
Organisms Grabs Trawls

Myriochele sp.
Myriochele oculata

Pect inar i idae

*
*

Cistenides granulata *
Ampharetidae

Ampharete sp. *
Ampharete goesi *
Amphare cmifrons *
~ides~ *

Terebellidae
Leaena abranchiata *
TTi75’Ea zostericola *
~ri stata
mirrus sp.
Lanassa venusta venusta
~a~
?roclea g-
Sa~e

Chone sp.
= qracilis

~ mki
~ arenae
~~formis
Sabella media

Polygordius sp.
Oligochaeta
Hirudinea

MOLLUSCA
Gastropoda

Acmaediae
Collisella sp. 1

*
*
*
*
*

*
*
*
*
*
*
*
*
*

*

*

LeDeta  SD. r
Trom ‘

*

*

*

*
*
*
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APPENDIX C

(continued)

Infaunal Epifaunal
Organisms Grabs Trawls

Mesogastropoda
Littorina sp.
l_achyrhynchus  erosus

Trichotropidae
Tichotropis insignis
~lchotropls cancellata

Lamellariidae
Marsenia c f .  rhombica
lelutlna Iaevlaata
Natlcldae eggs”
Natica clausa
mcm i da
Polinices sp.. . . . . ---

C.vrn~tiidae
‘Fusitriton oregonensis

Neogastropoda stenoglossa
Muricidae

Nucella sp.
~lamellosa
~~ima
~o~cl athratus

Buccinidae
Neptuneidae

Beringius beringi
~lomesus  nux
Neptunea~ata
Iolutopsimtaneus

Turridae
Turridae, juvenile

Rurts~e]la’ plumbae
Turridae sp. ~

Odostomia SD.
Turbonlll ““a sp.

*
*

*
* *

*
*
*

* *
*

* *

*

*
*

*
*
*
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lnfaunal Epifaunal
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Cephalaspidea
Cylichna sp.
~ylichna alba
~e~.
hlllne S D.  1

1

*
*
*
*
*

~sp. 2 *
-a minuta *
hamlnoea ~ *
ketusa sp.”1 *
Retusa sp. 2 *
Nu-c  hi a

Neaeromya  compressa *
Polyplacophora

Mopaliidae
Mopalia hindsi

Biva~
Nuculidae
Nucula tenuis
Hna sp.
Nuculana cf. pernula
Yoldla cf. hv~am  myal~
~ ‘ r a t a

Myme
MYtilus edulis
xn~olumbiana
llusculus sp., juvenile
~ ni~er
llusculus  ~iscors
Nodlolus SD.
pterioida-pteriina

Anomiidae
Pododesmus S D.
Lima S D.—– 1
Limatula sp.
llmatula subauriculata
~lmatula c f .  attenuata
Pterloida  ost~

*
*
*
*
*
*
*
*
*
*
*
*
*
*

*
*
*
*
*
*

*

*

*

*
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lnfaunal Epifaunal
Organisms Grabs Trawls

Ostreidae
Ostrea lurida
ms~rricata
Dlplodonta cf. lmpo
~.yclocardla  StI.—

Keliiidae ‘
Pseudopythina compressa
Nysella cf. tumida
Ca~e

Cyclocardia crebricostata
Cyclocardia  incisa
Cyclocardia=dens

Astartidae
Astarte sp., juvenile
~ rollandi
Astarte ct. vernicosa

Clinocardium sp. ,  juveni le
Serrlpes groenlandicus

Nlactridae
Spisula sp.
~alaskana
= nasuata
Some—
Siliqua patula
Te~e

Macoma sp.
_ moesta
-moesta alaskana
_ crassulamriiiix~
-fibalthica
_baltlica
-cf. calcarea
=sp. a
ma lutea
~ =oides

*
*
*
*
*

*

*

*

*
*
*

*
*

*
*
*

*

*
*
*
*
*
*
*
*
*

*

*

*

*
*

*

*

*

*

*
*
*TaTiiia S p .
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Infaunal Epifaunal
Organisms Grabs Trawls

Veneridae
Saxidomus gigantea
Psephidia lordi
Humilarla mrlYi
Patlnor)ect-s
Mya sp.

Hi~lidae
Hiatella arctica
Lyo=c~i ca
~ St).
~cf. ber ingi

ANTHRO~C  NOGO~
Pycnogonidae

Crustacea
Ostracoda
Calanoida

Caligus sp.
Ci rri-
Thoracica

Balanidae
Balanus sp.
~ balanus
~crenatus
~ rostratus
~a~perius

Mysidacea
Pacifacanthomysis
nephrophthol  nla

Xenacanthomysis
DseudomacroDsis

Mysidae
Acanthomysis sp.
Acanthomysis

pseudomacropsis
Acanthomysis  sculpts
Archaeomysis  -zkii
Reom.ysls kadiakensls

Cumacea”
Lampropidae
Lamprops fasciata

* *
*
*
*
*
*
*
*
*
*

*

*

*
*
*
*
*

*

*

*

*
*
*
*

*
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lnfaunal Epifaunal
Organisms Grabs Trawls

LamtmDs  carinata *
Lamkn-ohs? carlnata *
Lamprops  quadriplicata *
~amprops pumllo *
hemllamprops  californica *

Leuconidae
Leucon nasica *
~m deformis *

Diastylidae
Diastylis alaskensis *
t)lastylls bldentata *

Campylaspidae
Campylaspis crisps *

Tanaidacea
Paratanaidae
Leptognathia gracilis *

Isopoda
Anthuridae
Idoteidae
Synidotea nodulosa

Munnidae
*

Munna stephenseni
mo-

Amphipoda
Acanthonotozomataidae

Odius carinatus
Am-c i dae
Ampelisca macrocephala
~yblis gaimardi

Ar~ae
Argissa hamatipes
At-
Atylus collingi

Ca~idae
Apherusa sp.

Corophiidae
Corophium crassicome
lrlcthonlus grebnltzkii

Dexaminidae
Guernea nordenskioldi

*
*

*

*
*

*

*

*

‘*
*

*
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Infaunal Epifaunal
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Eusiridae
Pontogeneia
Pontogeneia
Pontogenela
Pontoiienela
Ponto~enela
Pontogenela
Pontoqenela

Sp .
Sp. 1
Sp. 2
Sp. 3
Sp. 4
Sp. 5
Sp. s

Gammari~ae
Anisogammarus pugettensis
llaera Iovenl
ma-ta
-_nsis

Haustoriidae
Eohaustorius  sawyeri

Isaeidae  —

Photis spasskii
Protomedeia cf. Denates
protomedela
Protomedela
Protomedeia
Gammaropsls
Tiammaropsls
Gammaropsis
~
GammaroDsls

cf. -a
Sp. ~
Sp. 2
S p .  1
Sp. 2
Sp. 3
Sp. 4
Sp. 5

Ischyroce~idae
Ischyrocerus sp.

Lysianassidae
Anonyx nugax
m ~orgi
-eden propinguus
Orchomene minuta
Orchomene Hca
Wecomedon slmllls

Oedicerotidae
Bathymedon ivanovi
T3athYmedon ~
Bath~medon  sp. 2
~onoculodes  castalskii

*
*
*
*
*
*
*

*
-k

*
*

*

*
*

*

*

*

*
*

*
*

*

*

*

*
*

*

*

*

*
*
*

*
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Infaunal Epifaunal
Organisms Grabs Trawls

Mallotus villosus
llsmerus  mordax
~r~ngatus

Gad i dae
Gaddidae, juvenile
Gadus macroceDhalus
m macrocephalus, j u v e n i l e
fiqadus Droximus
Mlcrogadus_, j
heragra chalcogramma

Theraqra chalcoqramma.
zoRiaiF- “ -

Gnathostomata II
Scomberesocidae

Cololabis  saira
Gasterosteidae

uvenil e

j uveni

Gastertosteus  aculeatus
Syngrathidae.-
Syngnathus griseolineatus

Hexagrammidae

Anoplo~omatidae-’
Anoplopoma  fimbria

Cottidae
Artedius fenestralis
knoDhrYs bl son

Hemilepodotus  jordan~
~eptocottus  armatus
_hlYOXOCeDhalUS  SD.
ll~oxocephalus ‘

polyacanthocephalus
Oliciocottus maculosus

le

*
*
*

*
*
*
*
*
*
*

*

*

*

*
*
*
*

*

*
*
*
*
*
*
*
*
*

*
*
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1

Monoculodes  spinipes
Synchelidium sp.
~estwoodilla sp. 1
~edicerotid S P.  7

Phoxocephaiidae”
Harpiniopsis sp.
Harpinopsis qurjanovac

heDOX.YnlUS  SD.
‘1-ox~ph~lus  alenti
Grandifoxus acanthinus
Grandlfoxus aclculata
Tirandifoxus llndberaf
Grandifoxus longiro~tr
Lrandlfoxus vulDlnus

Pleustidae “
Pleustes behningi
Pleustes pandplus
leusvmtes st). 1

Pleus~mtes sp. 2
leusymtes sp. 3

Podoceridae
Dulichia sp.

Stenothoicfae
Metopella sp.

S.vnoDiidae
‘Tiron biocellata
Ca~i dae

Caprella drepanochir
Caprel 1 a graclllor

leca~oda
l-lippolyidae

HeDtacarDus  DalUdeCOla
Pand~lidae’ ‘

Pandalus sp.
Pandalus goniurus
Pandalus tridens
Pandalus~pis
~s;s aleutica

Crangonidae

*
*
*
*

*
*
*
*
*
*
*

i s *
— *

*
*
*
*
*

*

*

*

*
*

*

*
*
*
-k

*
*

Crangon sp. *
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Crangon alaskensis *
_ stylirostris *

~dalli *
-rangon boreas *

Argls crassa *
mra *
Pam
Pagurus ochotensis
Paaurus aleuticus
Pa@rus aleuticus?
~caDillatus
_ kennerlyi
_beringanus
-confragosus
Pamrus triqonocheirus
Pa~urus  capil latus kennerlyi
- Sp.
~hirus tenuimanus
-t Iassochlrus allll

Lithodidae  -

Paralithodes camtschatica
Brachyura

Maj i dae
Orogonia  gracilis
liyas lyratus
~noecetes opilio

hlonoecetes m
Puqettia  qrac~

Atel~cyclid~e
Telmessus  cheiraaonus

“

Cancridae
Cancer branneri
Cancer maglster
-oregonensis

Pi-rydae
SIPUNCULA
PHORONIDA

*

*
*

*

*
*
*
*
*
*
*
*
*
*
*
*

*
*
*
*
*

*

*
*
*



APPENDIX C

(continued)

Infaunal Epifaunal
Organisms Grabs Trawls

ECTOPROCTA
New Bryozoa  g e n u s

Alcyonidiidae
Alcyonidium proboscideum

Flustrellidridae
Flustrella gigantea

Lichenoporidae
Lichenopora sp.

Scrupariidae
Scruparia ambigua

Flustridae  —

Carbasea carbasea
El ustra s~
~ carbasea

Ca~dae
BidenkaDia sDitsberaensis

“-–

alaskensis’
Tegelia sp.
Ca~dae

M~croporina a r t i c u l a t e
Bugulidae

Dendrobeania  murrayana
Bendrobeanla pseudolevinseni
Dendrobeania?  orientalism
Dendrobeania  pseuomurrayana
Dendrobeanla Ievlnsenl

Scrupocellari idae
Tricellaria sp.

Mucronellidae
Cystisella saccata

Reteporidae
Rhynchozoon sp.

CellePoridae
Celleporina? hyalina
Celleporina sp.

Myriozoidae
Myriozoella plana
Smlttlnld c~ella
?entapora foliacea
Cryptoarachnldlum sp.

* *

*

*

*

*
*
*

*

*

*
*
*
*
*

*

*

*

*
*

*
*
*
*
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ECHINODERMATA
Asteroidea
Solasteridae

Solaster endeca
ISolaster papossus
Pteraster sp.

Echinasteridae
Henricia Ieviuscula

Asteriidae
Asterias amurensis
Lvasterlas troschelii
l-eDtasterla-
Leptasterlas  groenlandica
Stylasterias  sp.
P.vcnoi)odia  helianthoides

Ophi~roidea
Ophiuridae

Ophiura sarsi
OD~ae

ODhiODhOliS  aCUl&3tti  var.
kenneryli

Pmhiuridae
Amphoidia  digitata
Amphipholis squamata

Echinoidea
Echinoidea echinoida

Strongylocentroti dae
Strongylocentrotus

droebachlensls
Dendrasteridae

Dendraster excentricus
Spatangidae

Holothuroida
Phyllophoridae

Havelockia sp. 2
Cucumariidae

Cucumaria fallax
Lupentacta-uesemita
Pentamera calcigera
Pentamera llssoDlaca

*

*

*

*
*

*

*
*
*

*
*
*

*

*
*
*
*
*
*

*

*

*
*

*

*

*

*
*

*
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Pentamera sp. b *

~hyone  sp. *

Chmidae *

Chiridota sp. *
Myriotrhochidae *

CHORDATA *
Hemichordata *
Urochordata *
Ascidiacea

Ascidiacea, s o l i t a r y ?
Ascldlacea, compond?

Clavelinidae
Distaplia sp.
Archidistoma sp.

Polyclinidae
S~noicum .iordani
A;lldloDs-osum
Polyclinum SP.
ADlidium S D.

Agnesiidae “
Agnesia septentrionalis
~cea pleurogona

stolidobranchlata
Styelidae

Dendrodoa  aggregata
Styela? co-

Pym
Boltenia o v i f e r a
Halocynth-ntium

BatoidimorDha
Rajidae ‘
Raja abyssicola
~ linocul ata

Ost_thyes
CluDeidae

*

*

*

*

*
*

*
*

*
*
*
*

*

*

*
*

*
*

*
*

*

*

Ciupea harengus pallasi
~anthoptery~

salmonlformes
Osmeridae
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Radulinus asprellus *

Irlglops plngeli *

Actonidae
‘Aspidophoroides bartoni

Agonus  acipenser~
ma dodecaedron
~na barbata

Cyclopteridae
Liparis sp.
- dennyi
--llUS
l-iDaris S D.  1
-Sp. 2
Tr~ti dae

*
*
*
*

*
*
*
*
*

Trichodon trichodon *

Stichaeidae
Anoplarchus  sp.
Lumpenus sagitta

Pholidae -

Pholis laeta
Am-dae

Ammodytes hexapterus
Pleuronectidae

Pleuronectidae, j u v e n i l e
Atheresthes stomias
Lopsetta jordani
Hlppoglos~el assodon
lsoDsetta lsoleD~
Lep~dopsetta biiineata
Lepidopsetta bilineata,

j u v e n i l e
Limancla aspera
~aspera, j u v e n i l e
~ -ci dea
~thvs stellatus
Pleuronec~es auadrituberculatus
hlppoglossus ~tenolepls

*

*
*

*

*

*
*
*
*
*
*

*
*
*
*
*
*
*



APPENDIX D

RAW DATA FR(hl  INFAUNAL SAMPLES flLIN”r}i 0!5

1,
~.
3*
4,
5.
6 .
7*
8 .
9*

10*
11*
12*
1 3 *
1 4 *
15*
16.
1 7 *
18.
1 9 .
20  ●

21,
.22 ●

2 3 .
24,
25 ●

26 ●

~7*
28,
29,
3 0 .
3 1 .
3 2 ,
3 3 ,
3 4 ,
35*
36,
3 7 .
3 8 .
39*
4 0 .
41*
4 2 .
4 3 .
4 4 .
45,
4 6 .
4 7 .
48.

TRANSECT
[IEP”IH

REPLICATE

SF’ECIES

CNIDARIA
FANIIEA  SP.  1
TIflA SF’.
ANTHOZOA
PLATYHELMINTHES
NEMERTINEA
NEW4TOIIA
POLYCHAETPI
POLYNOIIIAE
ARCTEOBIA ANTICOST1ENS15
EUNOE CIRROSA
HftFiMOTHOE EXTENUATA
HARMOTHOE  MULTISETOSA
LEF’IDONOTUS  SGUAMATUS
SIGALIONIDAE
PHOLOE  MINUTA
SIGALION  SF,
F’ISIONE  SF,
F’HYLLODOCIDAE
14NhITI[IES  GROENLANIIICA
ANAITIIIES  MUCOSA
ANAITIOES  SF,
ETEONE SF’.
ETEONE LONGA
EULALIA  SF’,
tlYSTA  SF’.
MYSTA  EIAREIATA
HESIONURA  SP,
HESIONIDAE
HESIONIIIAEr  JUU.
SYLLIDAE
AUTOLYTUS  SF.
TYF’OSYLLIS SF’.
EUSYLLIS  BLOMSTRANDI
EXOGONE  SF’.
SF’NAEROSYLLIS  W’.
J4RANIA SF’.
NEREIDAE
NEREIS  SF’.
NEF’HTYS  SP,
NEF’HTYS  CILIATA
NEF’HIYS  CAEC14
NEF’HTYS  RICKETTSII
NEFWTYS  LONGOSETOSA
NEF’HTYS  FERRUGINEA
SF’HAERODOROF’SIS  MINUTA
GLYCEh’A  SFO,
GIYCEFi/1  CAI”ITATA

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
4
0
0
0
0

0 6
02
10
2
. .

0
0
0
0
0
1
3
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
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0:!
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3
-.
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0
0
0
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1
?
;
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0
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0
0
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0
0
0
0
0
0
0
0
0
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0
0
0
0
0
1
0
0
0
0
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02
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4
- -

0
0
0
0
0
0
1
0
0
0
0
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0
0
0
1
0
0
0
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0
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2
0
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0
0
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0
0
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(-JZ
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1
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0
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1
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5
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0
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B
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0
1
1
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~
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3
1
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0
0
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0
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0
1

:
0
0
0
0
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3
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0
0
0
0
0
0
0
4
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(j~

3 0
4
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0
0
0
0
0
3
5
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
6
0
0

:
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
2

06
Q2

30
6
- -

0
0
0
3
0
2
2
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
4
0
0
0
~
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
0
0
0
0
0

06
02
50
1
- -

0
0
0
8
0
0
1
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

?)
0
0
0
0
1
0
0
0
0
0
0
0
0
0
0
0
i
0
0
0

0 6
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2
- -

0
0
0
9
0
1
1
0
0
0
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0
0
0
0
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0
0
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0
0
0
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2
0
0
0
1
0
0
0
0
0
0
0
0
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0
0
0
0
0
0
0
0
0
1
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3
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0
0
0
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0
1
2
0
0
0
0
0
0
0
0
~
0
0
1
0
1
0
0
~
0
0

:
0
0
0
0
0
0
0
5
0
0
0
0
0
~
0
0
0
0
0
1

0 6
02
50
4
- -

0
0

1?
0
6
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
2
0
0

:
0
0
0
0
1
0
0
0
0
0
0
0
0
1
0
0
0
1
0
1

0 4
02
50
5
—-

0
0
0
4
0
3
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1
0
~

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
3
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SF’ECIES

4 9 .  GONIF3[110AE
50. GLYCINDE F’ICTA
!51.  GLYCINDE  ARMIGERA
52, ONUF’HIS  IRIIIESCENS
53. LUt4EfFiINERIS  SF.
5 4 0  LUMEWINERIS  131CIRRATA
55. IIORUILLEIDAE
5 6 .  FWOTODOFWILLEA  SF.
57. OF’HRYOTROCHA  SF.
5 8 .  SCHISTOMERINGOS  CAECA
59, SCHISTOMERINGOS  ANNULATA
6 0 .  SCOL(3PLOS  AFitlIGER
61. SCOLOF’LOS  AFitlECEFS
62. FARAONIO14E
6 3 . ARICIDEA  NFi, SUECICA
64, AFiICIDEr3 LOF’EZI LOF’EZI
65. ARICEOEA S F ’ .  f)
6 6 .  FARAONELLA  FL4TYRRtlNCHI14
6 7 ,  tWISTOFJtlANCHUS  TULLBERGI
6 8 .  $WIONIOAE
69.  SF’IONIOAE  G E N  NOU
7 0 .  FOLY1lORPI  SF.
7 1 .  F’OLYOORA  SOCIALSS
72, FOLYOORA  CAULLERYI
7 3 .  GATTYANA  CIRROSf?
7 4 . F’RIONOSFIO  STEENSTRUF’I
75. SF’10 SF.
7 6 .  SF’10 NR FILICORNIS
7 7 .  SF’IOF’HANES?  SF,
7 8 ,  SF’IOFHANES  EIOME~YX
7 9 .  SF’IOF’HANES EIERKELEYOFWM
8 0 .  SCOLELEF’IS SOUAMATA
81., MINUSFIO  CIr’WiIFERf?
82. MAGELONA  NR CERAE
8 3 .  MAGELONA  SACCULATA
84, CHAETOF’TEFiIDAE
83, CHAETOF’TERUS  UARIOF’EDATUS
86.  SFIOCHAETOF’TERLJS  SF’ ,
8 7 .  SFIOCHAETOFTERLJS  COSTAfiUfl
8 8 . CIFiRATULIIIAE
89. CIRRATULUS  SF.
90.  THARYX SF’ .
9 1 .  CHAETOZONE  SETOSA
92. FLAhELLIGERI[lAE
9 3 . BFiADfI  VIL.LOSfI
9 4 . FHERUSA  SF’,
93. F’HERIJSA F’LUtlOSA
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SAMPLESAPPENDIX D

(continued)

SFECIES

1 .  CNIIIftFiIh
2. FANOEA  5P, 1
3 .  TIIIA SP.
4 .  ANTHOZOA
5. F’LATYHELMINTHES
6 .  NEMERTINEA
7 .  NEMATOOA
8 .  POLYCHAETA
9 .  F’OLYNOIIIAE

10. ARCTEO131A  ANTICOSTIENSIS
1 1 .  EUNOE  CIRROSA
12. HAFOIOTHOE  EXTENUATA
1 3 ,  HARMOTHOE  MULTISETOSA
1 4 .  LEPIDONOTUS SC?UAflATUS
15. SIGALIONIDAE
1 6 .  PHOLOE  FIINUTA
1 7 .  SIGALION S F ’ .
18. F’ISIONE S F ’ ,
19, F’HYLLOIIOCIIIAE
20, ANAITIOES  GROENLANIIICA
21. ANAITIDES MUCOSA
g~, ANAITIDES  SF.
23. ETEONE SF.
24. ETEONE LONGr9
25, EULALIA  S F ’ .
2A. t4YsrA SF,
27. tlYSTA  E{ARBATA
2G. HESI(3NURA  SF’.
29. HESIONIOAE
3 0 .  HESIONItIAEr  JUV.
31. SYLLTrh4E
32. AUTC)l.YTUS  SF’.
3 3 ,  TYPOSYLLIS  SF’.
34. EUSYLLIS  BLOflSTRANIII
35. EXOGONE  SP.
3 6 .  SF’HAEROSYLLIS SP.
3 7 .  BFifINIA  W,
38+ NEREIDAE
3 9 .  NEREIS  SF,
40,  NEF’HTYS  SF’ ,
4 1 .  NEF’HTYS  CILIATA
4 2 .  NEPHTYS  C14ECA
4 3 ,  NEFHTYS  RICKETTSII
4 4 ,  NEF’HTYS  LONGOSETOSA
45. NCPHTYS  FEFiRUGINEA
4.s. SI”HAEROIIOROF’S15  HINUTi9
4 7 ,  GLYCERA  5P,
48, 13LYCERA  CAF’ITATA
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SAMPLESAPPENDIX D

(continued) MONTH 06
TRANSECT 03

DEPTH 10
REPLICATE 1

- -
SPECIES

4 9 .  GONIt4DIIlAE
50, GLYCINEIE  F’ICTA
!51. GLYCINIIE  ARMIGEFiA
52. ONUPHIS IFiIDESCENS
53. LUMWIINERIS S F ’ .
34. LUMF$FiINEFiIS  EIICIRRAT6
55. DOF;VILLEI[W3E
56. F’FiOTODOli’VILLEA  S F ’ ,
57, OFHRYOTROCHA  SP.
S8, SCHISTOHERINGOS  CAECA
!7?. SCHISTOMERINGOS  ANNUL4TA
6 0 .  SCOLOFLOS  t?RMIGEFi
6 1 .  SCOL(WLOS  ARMECEF5
62. PARAONIOAE
63. ARICIDEA  NR. S U E C I C A
64o AFiICIDEA  LOF’EZI LOF’EZI
65. ARICEDEA S F ’ .  A
6 6 .  FAFiAONELLA  F’L14TYDRANCHI#I
6 7 .  AFISTOBRANCHUS TULLEiERGI
68, SF’I13NIDAE
69. SF’IONIII14E GEN NOV
7 0 .  POLYDOFiA  SF,
7 1 ,  FOLYOORA  SOCI14LIS
72, POLYIIORA  CAULLERYI
7 3 .  GATTYhNA  CIRFiOSA
74, FWIONOSF’1O STEENSTRWI
75. SPIO  SF’,
7 6 .  SF’10 NFi FILICORNIS
77,  SPIOFHANES?  SF’ .
78. SF’IOPHANES  BOMBYX
7 9 .  SFIOF’HANES J3ERKELEYOFWI
8 0 .  SCOLELEFIS  SCWAHATA
81. MINUSPIO  CIFiRIFERA
82. HAGELOt4A  NFi  CERAE
8 3 .  MAGELONA  S.4CCULATA
84, CHAETOPTEK’IOAE
85. CHAETOF’TERUS  VAFiIOPEllATUS
86,  SF’IOCHAETOPTEFiUS  SF’ ,
87. SF’IOC}iAETOF’TEFiUS  COSTAF(UM
8 8 .  CIRRATULIIIAE
89. CIFiRATULUS S F ’ .
9 0 .  THARYX SF’,
91. CHAETOZONE  SE1OSA
92. FLABELLIGEK’IDAE
9 3 .  13RADA  VILLOSA
94, PHERUSA  S F ’ .
‘?5. PHEFiUSA  VLUMOSA
96, AFiMANDIA I{REVIS
97. 13FHE1.lA  SF’.
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APPENDIX D

(continued) MONTH
TRANSECT

[lEpTH
REF’LICATE

SPECIES

YB. OPHELIA  LIMr3CINA
?9 . TRr3VISIA SF’,

1 0 0 .  TFiAUISIA FORJ3ESII
1 0 1 ,  TRf?VISIA  F’UPA
1 0 2 .  OF’HELINA  EiFiEVIr%T#I
1 0 3 .  CAFITELLA  Cf3PITATA
1 0 4 .  NOTOMftSTUS  LINE6TUS
105. flEllIOtlASTUS  CALIFORNIENSIS
1 0 6 .  IIECAW4STUS  GRACILIS
1 0 7 .  13ARONTOLLA SF,
10B.  MALOANIIIAE
109,  F’RAXILLELLA  SF’,
110. RHODINE EfIRORWATA
1 1 1 .  OWENIA  FUSIFOWIIS
112,  IIYRIOCHELE  SF’,
1 1 3 .  MYRIOCHELE  OCULATA
1 1 4 .  F’ECTINARIIOAE
115. CISTENIDES  GRANULATA
1 1 6 .  AMF’H14RETIDAE
117. AIIF’HARETE S F ’ .
llB. AMF’HARETE  G O E S I
1 1 9 0  AMFHARE  CF ACUTIFRONS
1 2 0 .  ASABELLIDES  SIEiIRICA
1 2 1 .  TEREBELLIDAE
122. LEAENA ABRANCHIhTA
123. NICOLEA ZOSTERICOLA
124+ F’ISTA  CRISTATA
125, FOLYCIRRUS SF,
126. LANASSA VENUSTA VENUSTA
1 2 7 0  LAPHANIA .BOECKI
128. F%OCLEA  GRAFFII
1 2 9 .  SA13ELLI[1AE
130. CHONE SF’,
131. CHONE GRACILIS
132. CHONE MAGNA
1 3 3 .  EUCHONE  SF.
134. EUCHONE ANAL.1’S
13!3. EUCHONE }{ANCOCKI
1 3 6 .  ELJCHONE AFiENAE
1 3 7 .  F’OTAtlILLA RENIFOFitlIS
138. SAEIELLA  M E D I A
1 3 9 .  SERF’ULIIIAE
140. F’IILYGOF{OIUS SP,
141. OLIGOCHAETA
1 4 2 ,  HIRUUINEA
1 4 3 .  tlOLLUSCA
144* GASTROF’OOA
1 4 5 .  LEF’ETA SF. A
146. tiARGARITES  SF,
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SAMPL.ESAPPENDIX D

(continued) tlONTH
TRANSECT

[lEI=TH
REF’LICATE

SPECIES

1 4 7 0  flARGARITES  CF. HELICINUS
1 4 8 .  tlAFiGARITES COSTALIS
149. LITTORINfI S F ’ .
150. Tr3CHYFiHYNCHUS  EROSUS
1!51. TRICH(ITK’OPIS  CANCELLATA
152. MARSENIA CF.  FiHOMEIICA
153. NAT’ICA  CLAUSA
154.  F’OLINICES SP,
155,  TURRIDAE,  JUU.
1 5 6 ,  SUAVODRILLIA  KENNICOTTII
157. MANGELIA? SF, A
158. OENOPOTA  SF’.
159, OENOPOTA  CF.  TURFtICULA
1 6 0 ,  0ENOFV3TA  CFI  PIFiCTICA
1 6 1 .  OENOPOTA  SF’ ,  h
1 6 2 ,  KURTSIELLA  PLUMBAE
1 6 3 .  TURRIDAE SP< A
164.  ODOSTOIIIA  SF’ ,
165. TUR)30NILLA  SF.
1 6 6 .  CEF’HALASPIDEA
1 6 7 .  CYLICHNt?  SF’.
168, CYLICHNA  ALEIA
169. CYLICHNA?  S F ’ ,  A
170,  SCAF’HANDER  SF’. A
1 7 1 .  F’HILINE SF’ .  A
172.  PHILINE SF’ .  8
1 7 3 .  [IIr3f’HANA MINUTA
174. HAMINOEA  SF. A
1.75.  RETUSA  S F ’ .  A
176. RtITUS14 sp, 1(
1 7 7 .  NUIII13R6NCHIA
1 7 8 .  NEAEROtlYA  COMF’RESSA
179. EIIVALVIA
1 8 0 .  NIJCULA  TENUIS
181.  NUCUL14NA  SF’ .
182, NUCULANt3  C F .  PERNULA
183. YOLDIA  C F .  HYFEREIOREA
184. YOLDIA  MYALIS
185, YOLf.lIA SCISSURATA
1[16. MYTILIUAE
187. MEGACFiENELLt4  COLUM81tlNA
188. MUSCULUS  SP.  JUUC
1 8 9 ,  MUSCULUS NIGER
190. MUSCULUS  CF.  UISCORS
191.. MODIOLUS  S F ’ .
192,  L IMA SF’,
193. LItlfiTULA S F ’ ,
1 9 4 .  LIMfiTULA  SUbAUfi’ICULATA
19:,. l. Ihff?TULA  CF.  ATTENUATA
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SAMPLESAPPENDIX D

(continued) tiONTH 0 6
TRhNSECT 04

DEPTH 50
REPLICATE 3

.-
SPECIES

1 .  CNI[lt4RIh
~, F’fiNDEA SF’. 1
3. TIMA SF’.
4 ,  ANTHOZOA
5, F’LATYHELMINTHES
6. NEMERTINEA
7 ,  NEMATOIM+
8. POLYCHAETA
9 .  F’OLYNOIDAE

1 0 .  ARCTEOB16  ANTICOSTIENSIS
1 1 .  EUNOE CIRROSA
12. HARflOTHOE EXTENUATA
1 3 .  HAFWOTHOE  MULTISETOS14
1 4 .  LEPIDONOTUS SriUAtiATUS
15. SIGALIONIOAE
1 6 .  F’HOLOE  MINUTA
170 SIGALION  SF’.
18. F’ISIONE  S F ’ .
190 F’HYLLOIIOCIIIAE
ZO, ANAITIIIES  GROENLANKIT.CA
21. ANAITIDES  MUCOSA
~~ , ANAITIOES  SF’.
23. ETEONE SP.
24, ETEONE LONGA
25. EULALIA  SF.
26, MYSTA  SP.
27. HYSTA IIARBATA
28. HESIONURA  SF.
2 9 .  HESIONIDAE
3 0 .  HESIONIOAEY  JUV.
31, SYLLIDAE
32. AUTOLYTUS  SF.
330 TYFOSYLLIS  SF.
3 4 .  EUSYLL.IS  BLOMSTRANDI
330 EXOGONE  S F ’ .
3 6 .  SF’HAEROSYLLIS  SF,
37. bRANIA SF,
38. NEREIDAE
39. NEREIS  SP.
40. NEFHTYS  SF.
41. NEF’HTYS  CILIATA
42, NEPHTYS  CAECA
4 3 .  NEF’HTYS  RICKETTSII
4 4 .  NEF’HTYS  LONGOSETOSA
45, NEPI+”IYS  FERRUGINEA
4 6 .  SF’NAERO1.IOF{OF’SIS  MINLJTA
47. GLYCERA  S F ’ ,
4 8 .  GLYCEFiA  CAF’ITATA
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SAMPLESAPPENDIX D

(continued)
MONTH 06

T R A N S E C T  04
DEPTH 50

R E P L I C A T E  3
. .

SPECIES

49+ GONIA[lIIIAE
50, GLYCINOE F’ICTA
51. GLYCINOE 14RMIGERA
!52, ONUF’HIS  I R I D E S C E N T
53, LUM13FiINERIS  SP,
54, LUflBFiINERIS  BICIRRATA
55. [1OFWILLEIOAE
56, FV30TODORVILLEA  SF,
57, OPHRYOTROCHA  SF.
58. SCHISTOMERINGOS  CAECA
59, SCHISTOMERINGOS  ANNULATA
6 0 .  SCOLOFLOS  r3RMIGEh’
61. SCOLOPLOS  AFit4ECEF%
62. FARAONIOAE
6 3 ,  ARICIDEA  NR. SUECICA
6 4 .  ARICIIIEA  LOF’EZI LOF’EZI
6S, ARICEDEA SP.  A
66. F’ARAONELLA  F’Lt3TYBFit3NCHIA
6 7 .  AFISTOEIR14NCHUS  TULLEIEFiGI
68. SF’IONIOAE
.59. SF’IONIOAE  GEN NOV
7 0 .  F’OLYOORA  SP.
71. POLYDORA  S O C I A L I S
7 2 .  FOLYDOFiA  CAULLERYI
73. GATTYANA CIRROSA
74, FWIONOSF’1O STEENSTRUF’I
75. SF’10 SF.
7 6 ,  SPIO  NFi FILICORNIS
77, SF’IOFHANES?  SF.
7 8 .  SPIOPHANES 130flBYX
7 9 ,  SF’IOFHANES  !3ERhELEYOFiUM
8 0 .  SCOLELEF’IS Sf2UAMATA
81. MINUSF’10 CIRRIFERA
82+ flAGELONA  NR CERAE
8 3 ,  MAGELONA  SACCULATA
84o CHAETOFTERIDAE
85. CHAETOF’TERUS  VARIOF’EDATUS
86. SF’IOCHAETOF’TERUS  SF.
8 7 .  SF’IOCHAETOF’TERUS  COSTARUM
8 8 .  CIRRATULIDAE
89. CIRRATULUS  SF.
9 0 ,  THARYX  SF.

CHAETOZONE  SETOSA
;;: FLAEIELLIGERIIIAE
9 3 .  BRAOA  VILLOSA
940 FWEFWSA SP.
93, F’HEK’USA FLUMOSA
‘?6. ARM14NDIA  BRE’VIS
97,  CIF’NELIA  SF’ ,
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SAMPLESAPPENDIX D

(continued) MONTH 06
T R A N S E C T  0 4

uEPTH 50
R E P L I C A T E  3

-.
SPECIES

9 8 .  OPHELIA  LIMACINA
99, TFitlVIS14  SP,

1000  TFiAVISIA  FOFiBESII
101. TRAVISIA  P U P A
1 0 2 ,  OFHELINA  EIfiEVIATA
1 0 3 ,  CAFITELLA  CAFITATA
1 0 4 .  NOTOMASTUS  LINEATUS
105. MED1OMASTUS CALIFORNIENSIS
1 0 6 .  [IECAflASTUS  GRACILIS
1 0 7 .  Ew%30NTOLLA  SF.
1 0 8 .  )IALDANIDAE
1 0 9 .  PRAXILLELLA  5P,
110. RHODINE 131RORtV-lATA
1 1 1 ,  OWENIA FUSIFORMIS
112. flYRIOCHELE 5P.
1 1 3 .  MYRIOCHELE  OCULATA
1 1 4 .  FECTINARIIIIAE
115. CISTENIDES GRANULATA
1 1 6 .  AMF’HARETIDAE
1 1 7 .  AMF’HARETE S P .
116. AMFHAFiETE  G O E S I
119, AMPHARE CF ACUTIFRONS
1 2 0 .  ASABELLIIIES  SIBIRICA
1 2 1 .  TEFiE13ELLI[IAE
122. LEAENt)  AEIRANCHIATA
1 2 3 .  N1COLE14  ZOSTERICOLA
124. PISTA  CRISTATA
125. FOLYCIRRUS S F ’ ,
1 2 6 .  LANASSA  UENUSTA  UENUSTA
1 2 7 0  LAFHANIA  )30ECli’I
1 2 8 .  F’ROCLEA GRAFFII
1 2 9 .  SAE{ELLIOAE
130. CHONE SP.
131. CHONE GFihCILIS
1 3 2 .  CNONE  MAGNA
1 3 3 .  EUCHONE  SP.
134. EUCHONE  ANALIS
1350 EUCHONE HANCOCtiI
1 3 6 .  EUCHONE  ARENAE
1 3 7 .  F’OTAMILLA  RENIFORIIIS
1 3 8 .  SAB.ELLA  MEDIA
1 3 9 .  SERF’ULIDAE
1 4 0 .  POLYGORDIUS  SP.
141. OLIGOCHAETA
1.42. HIFWDINEA
1 4 3 .  tlOLLUSCA
144. GASTROF’OOA
145. LEF’ETA  SF.  A
1 4 6 .  MARGARITE5  SF’.
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APPENDIX D

(continued) llrJN”rt{
TRANSECT

[iEPTH
REPLICATE

SPECIES

1 4 7 .  M14RGARITES  CF.  HELICINUS
148. MARGARITAS COSTALIS
149.  LITTO.RINA  SF’ ,
150. TACHYRHYNCHUS  EROSUS
151. TRICHOTROF’IS  CANCELLATA
1520  flARSENIA  CF.  RHO)lflICA
153. NAT1C14  CLAUSA
1540  POLINICES  SF,
155, TURR1OAE, JUU.
1!56. SUAVODRILLIA  KENNICOTTII
157. tiANGELIA?  SF, A
150. OENOPOTA  SP.
159. OENOF’0T6  CF.  TURRICULA
1 6 0 .  OENOF’OTA  C F .  f+RCTICA
161. OENOF’OTA  SF, A
162. KUFiTSIELLA  F’LUMBAE
1 6 3 .  TURRIIJAE  SP, A
164,  ODOSTOHIA  SF’.
16!3. TUREIONILLA  SF,
166*
167.
1613.
169.
170.
171.
172.
173.

CEF’HALASF’IOEA
CYLICHNA SF’,
CYLICHNA rSL13A
CYLICHNA?  SF’.
SCAF’HANDER  SF’
PHILINE SF’. A
F’HILINE  SF’ ,  B
[IIAF’HANA  MINU’

174.
175*
176.
177.
178.
179.
180.
1s1.
182,
183.
184.
103.
186.
187.
180.
189.
190.
191,
192.
193.
194.
1.95.

A
$4

HAMINOEA  W’. A
RETUSA SF.  A
FiETUSh  SF’ .  D
NUIIIBRANCHII$
NEAEROMYA  COMPRESSA
BIVALUIA
NUCULA  TENUIS
NUCULANA SF,
NUCULANA  CF.  FEFiNULA
YOLDIA CF. HYF’EREIOREPI
YOLDIA MYALIS
YOLDIA SCISSURATA
MYTILIDAE
MEGACKENELLA  COLUMt31fiNA
MUSCULUS  SP, JUV.
MUSCULUS  NIGER
MUSCULUS  C F .  [IISCORS
MO[lIOLUS SF’.
LIMA W:.
LIMATULA  SF’.
L1M14TULA  SUE{AURICULATA
LItlATULA  CF. ATTENUATA
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SAMPLESAPPENDIX D

(continued) Mowrti
TRANSECT

DEPTH
REPLICATE

SPECIES

AXINOF’SIDf$ SERRICATA
[IIF’LoDONTA  C F .  IMF’O
CYCLOCAROIA  SF,
tlYSELLA C F .  TUiiIIIA
CYCLOC14R01A  CRERRICOSTATA
CYCLOCARDIA  INCISA
ASTARTE  SP,, JUV.
ASTARTE  ROLLANDI
ASTARTE  C F .  VERNICOSA
CLINOCAROIUM  SF’,, JUV,
SEFiFiIPES  GROENLANDICUS
SPISULA  SF’.
tlACTRfi  ALASKANA
MACTRA NASUATfI
SILIOUA  F’fiTULrl
tiACOllA SF’,
HACOtlA  MOESTA
MACOtiA MOEST4 ALASKANA
MACOMA CRASSULA
HACOMA  LAtiA
MACOMA BALTHICA
FIACOtlA  CF.  BALTHICA
tlACOt4A  C F .  CALCAREA
MACOt+A SF’. A
TELLINA  SF’,
TELLINA  NUCULOIIIES
SAXIOOHUS GIGANTEA
FSEF’HIOIA  LORDI
HUflILARIA  ti’ENNERLYI
PATINOF’ECTEN CAUIRUS
MYA SF.
HIATELLA  ARCTICA
LYONSIFI CALIFORNIA
THRACIA SF.  r
[tECAFO[lA
CARIDEA
P14GURI[1AE
MAJIDAE
OROGONIA GRfiCILIS
CHIONIECETES  SF’.
CANCRIDAE
FINNOTHCRIDAE
SIF’UNCULA
ALCYONIDIUM  SP.
ASTEFiIAS AflURENSIS
OFV{IUROIDEA
STFiONGYLOCENTROTUS  [lFiOEHACHIENSIS
[IENIIRASTER  EXCENTF(ICUS
SPATANGIDI$E
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SAMPLESAPPENDIX D

(continued)

SPECIES

MONT}{ 06 04 OA 06 06 06 04 06 06 O& 06 06 06 06 06
T R A N S E C T  0 4 04 04 06 0 6 06 0 6 0 6 06 06 06 07 07 07 07

KIEPTH 50 50 !50 30 30 30 50 50 50 50 so 10 10 10 10
R E P L I C A T E  3 4 !5 1 ~ 4 12 3 4 5 1 ~ 3 4

. . - - -- -. -- -. -. -- -. - - -- -- - - .- --

~45,  [iEN[iROCtiIROTIIIA

2 4 6 .  HOLOTHUROIDEA  I(ENDROCHIROTACEA
2 4 7 .  HAUELOCKIA  SF. EI
248, THYONINAE A
249. EUPENTACTA  12UINCU.lESEHITt+
250, FENTAflEFiA  SF,
251, PENTAtlERA  LISSOPLACA
252. F’ENTAMERA  SF, B
253, CHIRII]OTIDAE
2S4.  CHIRI[1OTA  SP.
255. MYRIOTRHOCHIDAE
256. HEMICHORDATA
257. UROCHORDATA
258, [lIsTAPLIA sP,
259, AGNESIA SEF’TENTRIONALIS
~60, sTyELA  ?CoRIACEA
241. HALoCYNTHIA AURANTIUfl
262. AMMOIIYTES  HEXAPTEFiUS
243. NsPECIEs
Z64, H
26S. EVENNESS
2 6 6 .  TOT’AH

O*OO
0 . 0 0
O*OO
O*OO
O*OO
O*OO
1*OO
1,00
0 . 0 0
O*OO
O*OO
0 . 0 0
0 . 0 0
O*OO
0 . 0 0
O*OO
0 9 0 0
O*OO
3 3 . 0
1 . 8 0
. 5 1 4
193.

0 . 0 0
0 . 0 0
O*OO
O*OO
1 , 0 0
O*OO
1*OO
1*OO
O*OO
I*OO
O*OO
0 . 0 0
O*OO
O*OO
2*OO
O*OO
0 , 0 0
O*OO
50.0
2 . 8 9
. 7 3 9
~~~  ,

O*OO
O*OO
O*OO
0 . 0 0
1*OO
O*OO
5 0 0 0
3*OO
O*OO
0 . 0 0
0 . 0 0
0 . 0 0
O*OO
0 . 0 0
O*OO
0 . 0 0
O*OO
O*OO
32*O
1 . 3 7
, 3 9 4
3 8 7 .

O*OO
0 . 0 0
O*OO
0+00
O*OO
O*OO
O*OO
O*OO
0,00
0 . 0 0
0 . 0 0
O*OO
O*OO
0 . 0 0
0 . 0 0
O*OO
0+00
O*OO
1300
1 * 4 3, ~~7

6 5 . 0

0 . 0 0
O*OO
O*OO
Oaoo
O*OO
O*OO
0 . 0 0
O*OO
O*OO
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
O*OO
0 . 0 0
0 , 0 0
O*OO
1 4 , 0
323
, 8 4 6
32*O

0 . 0 0
0 . 0 0
0 . 0 0
0000
O*OO
O*OO
O*OO
0+00
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2*OO
0 . 0 0
O*OO
0 , 0 0
0 . 0 0
O*OO
O*OO
0 , 0 0
O*OO
2 8 , 0
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0 . 5 6
337*
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O*OO
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O*OO
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O*OO
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O*OO
O*OO
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O*OO
0 . 0 0
O*OO
0 . 0 0
3 8 , 0
3 , 2 0
, 8 7 8
160,
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O*OO
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O*OO
0 . 0 0
O*OO
O*OO
O*OO
O*OO
O*OO
0600
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O*OO
0 . 0 0
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O*OO
O*OO
O*OO
3 8 , 0
2 * 8 8
, 7 9 2
216,

0 . 0 0
O*OO
0,00
0 . 0 0
0.00
0 . 0 0
O*OO
0 . 0 0
O*OO
0+00
O*OO
0 . 0 0
0 . 0 0
0 . 0 0
O*OO
O*OO
0 , 0 0
O*OO
29*O
2 * 8 6
0.8S
181.

0 . 0 0
O*OO
0 . 0 0
O*OO
O*OO
O*OO
O*OO
0 . 0 0
O*OO
0 . 0 0
O*OO
0 . 0 0
O*OO
O*OO
O*OO
0 . 0 0
O*OO
0 , 0 0
28.0
2 * 8 6
. 8 5 9
103.

0 . 0 0
0 , 0 0
0 . 0 0
0 . 0 0
0 . 0 0
O*OO
0 . 0 0
0 . 0 0
O*OO
O*OO
O*OO
O*OO
0 . 0 0
0 , 0 0
O*OO
0 , 0 0
0 . 0 0
O*OO
35*O
2.97
, 8 3 4
1 8 3 ,

0 . 0 0
O*OO
O*OO
O*OO
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O*OO
O*OO
O*OO
O*OO
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O*OO
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0 . 0 0
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O*OO
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10*O
1 . 9 0
, 8 2 6
4 6 . 0
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O*OO
0 . 0 0
O*OO
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0 . 0 0
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O*OO
O*OO
O*OO
0 . 0 0
O*OO
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O*OO
O*OO
O*OO
0 . 0 0
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0 . 0 0
0 . 0 0
0 . 0 0
0.00
O*OO
0 . 0 0
O*OO
0 . 0 0
0.00
0 . 0 0
0 . 0 0
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0 . 0 0
O*OO
O*OO
O*OO
O*OO
1 . 0 0
1 1 . 0
1,81
. 7 5 5
51.0

0 . 0 0
O*OO
0 . 0 0
O*OO
O*OO
0.00
0 . 0 0
0 . 0 0
O*OO
O*OO
0 . 0 0
0 , 0 0
O*OO
O*OO
0 . 0 0
O*OO
0,00
O*OO
9*OO
1 * 7 3
, 7 8 7
4100
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(continued)

1,
2,
3*
4*
5.
6.
7*
8 ,
9 *

10*
11!
124
13*
144
15.
16.
17.
18.
1 9 .
20.
21*
-)-lLA*
~3*
2 4 .
~> ,
26,
27,
Z8 ,
~9,
3 0 .
3 1 .
32*
33*
34*
35.
3 6 ,
37.
3 8 .
3 9 .
4 0 .
410
42.
4 3 .
44*
4!5.
4 6 .
4 7 .
48.

MoNTt{ 0 6
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[tEFTH
REFY-ICATE
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CNIIMiFiIA
F’ANIIE14  SP,  1
TIMA SF.
tlNTHOZOA
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NEMERTINE14
NEMATOIM+
POLYCHAETA
POLYNOIOftE
AFiCTEOEIIA  ANTICOSTIENSIS
EUNOE  CIRROSA
HARMOTHOE  EXTENUATA
HARMOTHOE  MULTISETOSf)
LEFIIIONOTUS  SCN.Jhf+ATUS
SIGALIONIDAE
F’HOLOE /lINUTA
SIGf$LION  SF’.
F’ISIONE  SF’.
PHYLLODOCIIIAE
ANAITIDES  GROENLANDICA
ANAITIDES MUCOSA
ANAITIDES  SF’.
ETEONE SF’.
ETEONE LONGA
EULALIA  SP.
MYSTA SF’,
IIYSTA )3AREIATA
HESIONURA SF’.
HESIONIDAE
}{ESIONIIIAE/  JUV.
SYLLIOAE
AUTOLYTUS  SF’.
TYF’OSYLLIS  SF.
EUSYLLIS  EILOMSTRANIII
EXOGONE  SF.
SPHAEROSYLLIS  SF’.
13RANIA  SF’.
NEREIDAE
NEREIS  SF.
NEPHTYS  SF’.
NEF’HTYS  CILIATA
NEFHTYS CAECA
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GLYCERA  SF’.
GL.YCERA CAFITATA
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SPECIES

tfoN”rH O/l
TRANSECT 0 7

OEPTH 10
[iEF’LICATE 5

. -

4 9 ,  GONIADIOAE
!30. GLYCINDE FICTA
51. GLYCINOE AFiflIGERA
52. ONUF’HIS  I R I D E S C E N T
53. LUME031NERIS  S F ’ .
5 4 .  LUMEIFiINERIS i31CIRRATA
55, DORUILLEIOAE
56, F’ROTOIIORVILLEA  SP.
37, OPHRYOTROCHA  SF.
58, SCH15TOMERINGOS  CAECA
59, SCHISTOMERINGOS ANNULATA
60. SCOLOF’LOS  ARIIIGER
6 1 ,  SCOLOFLOS AflflECEF’S
6 2 .  F’ARAONIDAE
6 3 .  ARICIIIEA  NR. SUECICA
6 4 ,  ARICIDEA  LOF’EZI  LOF’EZI
.55.  ARICEDEA S F ’ .  A
6 6 .  F’ARAONELLA  F’LATYEIRANCHIA
6 7 .  APISTOEIRANCHUS  TULLEIERGI
6 8 .  SPIONIOAE
b?. SF’IONIOAE GEN NOV
70, FOLYOORA  S F ’ .
7 1 .  F’OLYDORA ‘50CIALIS
7 2 .  FOLYDOFiA  CAULLERYI
73, GATTYANA  CIFiFiOSA
7 4 .  F’RIONOSPIO STEENSTRUPI
75, SF’10 S F ’ .
76, SF’10  NFi  FILICORNIS
7 7 .  SPIOF’HANES?  W’,
78, SF’IOPHANES  BOM13YX
7 9 ,  SPIOPHANES EIEfWi’ELEYORUM
80. SCOLELEPIS  SRUAtiATA
81. MINUSFIO  CIRRIFERA
82, MAGELONA  NR CEFiAE
83. tlAGELONA  SACCULATA
8 4 .  CHAETOPTERIOAE
85. CHAETOF’TERUS  VARIOF’E06TUS
8 6 .  SF’IOCHAETOF’TERUS  SF’.
8 7 .  SPIOCHAETOFTERUS  COSTARUII
8 8 .  CIRRATULIOAE
89, CIFiFiATULUS  SF’+
90.  THAt3YX SF’ .
91, CHAETOZONE  SETOSA
92. FLAHELLIGERIDAE
9 3 .  BFiAOA VILLOSA
9 4 ,  FliERUSfi SF,
95. FNERUS6  PLUHOSA
9 6 .  ARMANIIIA  I?REUIS
9 7 .  OF}{E1.IA  SF’.
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APPENDIX D

(continued) HONTH 0 6
TRANSECT 10

[tEFTH 16
REFLIC6TE 1

.-
SF’ECIES

4 9 .  GONIADIE’IAE
50. GLYCINOE F’ICTA
51. GLYCINOE hRtlIGEFtA
52. ONUPHIS IRIOESCEN5
53. LUM13RINERIS S F ’ .
54, LUMKiFiINERIS E(ICIRRATA
35, [IORVILLEIDAE
56. F’FiOTOOOFWILLEA S F ’ ,
57. OPHRYOTROCHA  S F ’ .
58. SCHISTOMERINGOS  Ct+ECA
59* SCHIST•  IIERINGOS  6NNULATA
6 0 .  SCOLOPLOS  fIFiMIGEFi
61. SCOLOF’LOS  fiRMECEF’S
62. F’ARAONIIIAE
6 3 .  ARICIUEA  Nfl.  SUECICA
64. ARICIDEA  LOF’EZI LOF’EZI
6 5 .  ARICEOEA SP. A
6 6 .  PARAONELLA  PLATYEIRANCHIA
6 7 .  APISTOBRANCHUS  TULLE{ERGI
680  SF’IONIDAE
69. SF’IONIOAE  GEN NOV
700 F’OLYDORA  SF’.
71. F’OLYDORA  S O C I A L I S
72. F’OLYK!ORA  CAULLERYI
7 3 .  GATTYANA  CIRFiOSA
7 4 .  F’RIONOSF’10  STEENSTRUF’I
75. SPIO  S F ,
7 6 .  SF’10 NK’  FILICORNIS
7 7 .  SPIOF’HANES?  SF,
78. SPIOPHANES 130flEfYX
79, SF’IOPHANES  !3EFiKELEYORUM
8 0 .  SCOLELEF’IS SOUAMATA
81. MINIJSF’10 CIRF{IFERA
82. MAGELONA  NR CERAE
83. MAGELONA  SACCULATA
84. CHAETOF’TERIOAE
85. CHAETOPTERUS  VARIOPEDATUS
86. SFIUCHAETOF’TERUS  S F ’ ,
FJ7. SFIOCHAETOPTERUS COSTARUtl
8S. CIFiRATULIIIAE
89. CIRRATULUS  SF’.
90. THARYX  SF.
9 1 0  CHAETOZONE  SETOSA
92. FLABELLIGERI[lAE
9 3 .  BRADA VILLOSA
9 4 .  PHEtiUSA  SF..
95, PHEFiUSA  FLUMOSA
?6. ARMANIIIA BFiEVIS
970 OF’HELIA S F ’ .
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SAMPLESAPPENDIX D

(continued)

SPECIES

MONTH 06
TRANSECT 10

[IEPTH 16
REPLICATE 1

.-

98. OPHELIA  LIMACINA
9 9 ,  TFi14VISItt  SP.

1 0 0 .  TRAVISIA FORE{ESII
1 0 1 .  TRAVISIA PUPA
1 0 2 .  OF’HELINA  BREVIATfI
1 0 3 .  CAPITELLA  CAF’IT14TA
1 0 4 .  NCITOMASTUS  LINEATUS
105, MEOIOMASTUS  CALIFORNIENSIS
1 0 6 .  DECAHASTUS  GRACILIS
1 0 7 .  BARONTOLLA  SP,
1 0 8 .  HALDANI[lAE
109.  PRAXILLELLA  SF’.
1 1 0 .  RHOOINE  .81ROR(NJATA
1 1 1 .  OUENIA FUSIFORMIS
112.  MYRIOCHELE  SF’,
1 1 3 *  MYRIOCHELE  0CUL6TA
1 1 4 .  F’ECTINARIIIIAE
115. CISTENIOES  GRPINULATA
1 1 6 .  AMF’H14RETIIIAE
117.  AMF’HARETE  SF’ .
118, AMPHARETE  GOESI
1 1 9 ,  AtiPHARE  CF ACUTIFRONS
1 2 0 ,  ASABELLIIIES  SIEiIRICA
121o TEREBELLIDAE
122. LEAENA A13RANCHIATA
1 2 3 .  NICOLEA ZOSTERICOLA
1 2 4 ,  F’ISTA CRISTATA
123, POLYCIRRUS S F ’ .
1 2 6 .  LANASSA  VENUSTA  VENUS”TA
1 2 7 .  LAF’HANIA  t30ECNI
1 2 8 .  F%OCLEA  GRAFFII
1 2 9 .  SAEIELL1D14E
130. CHONE SF’.
131, CHONE GRACILIS
132, CHONE MAGNA
133.  EUCHONE  SF’.
134. EUCHONE ANALIS
135. EUCHONE HANCOCKI
13.5. EUCHONE ARENAE
1.37. F’OTAMILLA  fiENIFORMIS
1 3 8 .  SABELLA  MEDIA
1 3 9 .  SERF’ULIDAE
140,  F’OLYGORIIIUS  SF’,
1 4 1 .  OLIGOCHAETA
1 4 2 .  HIRUDINEA
1 4 3 .  MOLLUSCA
144, GASTFiOFODtl
145. LEF’ETA  S F ’ .  A
146.  MARGARITE5  SF’ .
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APPENDIX D

(continued) tioNTH
TRANSECT

[tEPTH
REFLIC14TE

SPECIES

1 4 7 ,  MAK’G14RITES  C F .  HELICINU5
148. MARGARITAS COSTALIS
1 4 9 .  LITTORIN14  SP,
1 5 0 .  TACHYRHYNCHUS  EROSUS
131. TRICHOTROPIS  CANCELLATA
152. MARSENIA C F .  RHOI181CA
153. NAT’ICA  CLAUSA
154.  POLINICES S F ’ ,
155, TURRIIIAE,  JUU,
156. SUAVODRILLIA  NENNICOTTII
1 5 7 .  MANGELIA? SP,  A
158. OENOF’OTA  SP,
159. OENOPOTA  CF.  TURRICULA
160.  OENOPOTA  CF.  A R C T I C A
1 6 1 .  OENOFOTf)  SF,  A
1 6 2 .  KURTSIELLA  F’LUt18AE
1 6 3 .  TURRIIIAE  SF’. A
1 6 4 .  ODOSTOHIA  SP,
165, TUR130NILLA SP.
1 6 6 .  CEF’HALASPIIIEA
1 6 7 .  CYLICHNA SF.
1 6 8 .  CYLIC}{NA ALEiA
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195. LIHATULA  C F ,  ATTENUhTA
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APPENDIX D

(continued)

SPECIES

1. CNIDARIA
~. PANIIEA  SPo 1
3. TIMA  SF’.
4 .  ANTHOZOrl
5, F’LATYHELMINTHES
6. NEMERTINEA
7 .  NEMATODA
8 .  FOLYCHt3ETA
9 .  FOLYNOILIAE

10, 14RCTEOBIA ANTICOST’IENSIS
11. EUNOE CIRROSh
12. HPJWIOTHOE  EXTENUAT14
13. HARMOTHOE  HLFLTISETOSA
14, LEF’IIIONOTUS S(NJAMATUS
15. SIGfILIONIIME
1 6 .  FHOLOE MINUT6
17. SIGALION  5P.
18.  PISIONE  SF’ .
19. F’HYLLOIIOCIIIAE
20. 6NAITIDES GROENLANIIICA
21. ANAITIDES MUCOSA
22, ANAITIDES  SF,
23. ETEONE SF’,
24, ETEONE LONG4
25, EULALI14  S F ’ ,
26, MYSTA SF,
2 7 ,  MYSTA BFJW3ATA
2 8 .  HESIONURA  SF,
29. HESIONIDAE
300 HESIONIIh4E~  JUV,
3 1 0  SYLLIIVIE
32, AUTOLYTUS  SF,
3 3 ,  TYF’OSYLLIS  SF’,
3 4 ,  EUSYLLIS  PLOHSTRANIII
35, EXOGONE  SP.
36. SFWAEROSYLL.IS  S F ’ ,
3 7 ,  BRANIA SP.
38. NEREIDAE
39.  NEREIS  SF’ .
40, NEPHTYS  SP.
4 1 ,  NEF’HTYS  CILIATfI
4 2 ,  NEF’HTYS  CAECA
4 3 ,  NEFt{TYS  RICKETTSI1
4 4 ,  NEF’HTYS  LONGOSETOSA
45, NEPHTYS  F’ERRUGINEA
46. SFHAERODOK’OF’SIS  MINLFTA
47. GLYCERA  S F ’ ,
48, GLYCEF{A  CAF’IIATA
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APPENDIX D SAMPLES

(continued)
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SfitlF’LEsAPPENDIX D

(continued)

SF’ ECIES
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15. SIGALIONIOAE
1 6 ,  F’HOLOE  MINUTA
1 7 .  SIGtlLION SF’.
1 8 .  PISIONE  5P.
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26. MYSTA SF’.
2 7 .  HYSTA 13ARBATA
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(continued)

SPECIES
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APPENDIX E

(continued) tiowrti
TRANSECT

[IEF’TH
REPLICATE

9 8 .  F’LEIJRUNECTI[W3E
9 9 .  F’LEUFKINECTIDAE  JUV.

1 0 0 .  ATHERESTHES  STOfl_IPIS
1 0 1 .  EOFSETTh JORIIANI
1 0 2 .  HIF’F’OGLOSSOIIIES ELASSODON
1 0 3 .  ISOF’SETTA ISOLEPIS
1 0 4 .  LEF’IDOPSETTA  EIILINEATA
1 0 5 .  LIMAN[lA  ASPERA
1 0 6 .  LIMANDA FY30BOSCI[tEA
1 0 7 .  F’L14TICHTHYS  STELLATUS
1 0 8 .  F’LEURONECTES  12UA[1RITUBERCULATUS
109. HIPF’OGLOSSUS  !3TENOLEF’IS
110. TOTAL ALGAE
1 1 1 .  TOTAL INUERTEEfRATES
112. TOTAL FISH
113. TOTAL FLATFISH
114, TOTAL E{IOMASS
113. NO. S P E C I E S
1 1 6 .  [lIUEFiSITY  ( H )
117. EVENNESS
118. TOTAL ABUNDANCE
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. -
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SAMPLESAPPENDIX E

[continued)
MONTH

TF(ANSECT
[IEF’~H

REPLIC6TE

SPECIES

1.. CHLOROPHYTA
2, PHAEOF’HYTA
3 .  RHODOF’HYTA
4. ZOSTERA  MARINA
3, F’ORIFERA
6. HYOROIDA
7. ZOOANTHARIA  ACT1N16fiIA
8. ANEMONE SF. 16
9 .  ZOf+NTHARIA  ACTINIARIA  NYNANTHEAE

10. tlETHIriIuFl  SENILE
1.1.  F17LYCHAETA
12. F’OTAMILLA RENIFORM15
13. GASTROPODA
14. M6RGARITES  F4_lF’ILLUS
15. TRICHOTROF’lS  INSIGNIS
1 6 .  TRICt{OTROF’IS  CANCELLATA
1 7 ,  UELUTINA  LAEUIGAT,4
18. NATICfI  CLAUSA
19. F’OLINICES  F A L L I D A
2 0 .  FUSITRITON  OREGONENSIS
21. NUCELLA  S F ’ ,
22. EIERINGIUS  B E R I N G I
23, LIoMEsus  NLIX
24, NEPTUNEfI  LYFiATA
25. NU[11E03ANCHIA
~60 HoFALIA  HIN[isI
27. BIUALVIA
28. MYTILUS  EIIULIS
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SAMPLESAPPENDIX E

(continued) MONTH
TFL4NSECT

[lEFTH
REFLICATE

1..

2 ,
3,
4 .
5.
6*
7*
(3*
9.

10.
11*
12.
13.
14.
15.
16,
17*
18.
19.

SPECIES

CHLOROF’}{YTA
F’H14!ZOFHYTA
R}{OOOFHYTA
ZOSTERfI  MARINA
F’ORIFERA
HYIIROIOA
ZOOANT}{ARIA  ACTINIARIA
ANE/10NE  SP.  16
ZOANTHARIA ACTINIART.A  NYNANT}{EAE
METflI[lIUM SENILE
FOLYCHAETA
POT6MILLA  RENIFORMIS
GASTROF’O[lfI
tlARGAFiITES F’UFILLUS
TRICHOTROF’IS  INSIGNIS
TRICHOTROPIS  CANCELLATft
VELUTINA  LAEVIGfiTf!
NATICfI  CLAUSA
F’OLINICES  F’ALLIIIA
FUSITRITON OFiEGONENSJ.S
NUCELLA  SF’,
13ERINGIUS BERINGI
LIOMESUS NUX
NEPTUNEA LYRATft
NU[lIE{FiANCHIA
MOFALIA }{INDSI
EIIVALVIA
MYTILUS  E[lUL.IS
FOOO13ESMU5  st=’,
CYCLOCARIIIA  SF,
ASTARTE  SF’. JUV ,
SERRIF’ES GROENLANrlICUS
SPISULtl  SP,
SILI(KIA  PATULA
MhCOMA  SF’,
TELLINA  LUTEA
TELLINA  NUCULOI[lES
H1ATELL6  ARCTICA
CIRRIF’EOIA
QECAF’OIIA

HIPPOLYTIDAE
F’AGURIOAE
F’ARALIT}IODES CAMTSCHATTCA
MA.IIDAE
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HYAS  LYRATUS
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CH1ONOECETES CIF’ILIO
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..,-.
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0 . 0 0 0
0 , 0 0 0
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0 * 0 0 0
0.038
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 2
0 . 0 0 0
0 . 0 0 0
(),000
0 . 0 0 0
0 * 0 0 0
0 , 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 * 0 0 0
0 , 0 0 0
0,000
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 * 0 0 0
0 . 0 0 0
0 , 0 0 0
0 . 0 0 0
0 . 0 0 0
0 , 0 0 0
0 . 0 0 0
0 . 0 0 0
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0 . 0 0 0
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0 . 0 0 6
0 * 0 0 0
0 . 0 0 0
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0 . 0 0 0
0 * 0 0 0
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0(1
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.-.

0 , 0 0 0
0 . 0 0 0
0 , 0 0 0
0 . 0 0 0
0 * 000
0 , 0 0 0
0 , 0 0 0
0 . 4 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 7 9
0 . 0 0 0
0 . 0 0 0
0 , 0 0 0
0 . 0 0 0
0 , 0 0 0
0 . 0 1 0
0 * 000
0 * 000
0 . 0 0 0
0 * 0 0 0
0 . 0 0 0
0 * 000
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 , 0 0 0
0 * 0 0 0
0 . 0 0 0
0 , 0 0 4
0 . 0 0 0
0 , 0 0 0
0 . 0 0 0
0 * 0 0 0
o * 000
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0 . 0 0 0
0 , 0 0 0
0 , 0 0 0
0 , 0 0 0
0 * 008
0 , 0 0 0
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0 , 0 0 0
0,002
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0 . 0 0 0
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3()
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——

0 . 0 0 0
0.023
0 * 0 0 0
0 , 0 0 0
0 , 0 0 0
0 , 0 0 0
0 * 0 0 0
0 * 000
0 . 0 0 0
0 , 0 0 0
00000
0 . 1 1 0
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0 . 0 0 0
0 . 0 0 0
0 * 000
0 * 000
0 . 0 0 0
0 . 0 0 0
0 , 0 0 0
0 * 000
0 . 0 0 0
0,000
0 . 0 0 0
0 , 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
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0 * 0 0 0
0 . 0 0 0
0 . 0 0 0
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0 * 0 0 0
0 . 0 0 0
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0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
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Oeolo
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0 . 0 0 0
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0 . 0 0 0
0 . 0 0 0
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0 . 0 0 0
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SAMPLESAPPENDIX E

(continued) MONTH
TRANSECT

[lEpTH
REPLICATE

SPECIES

9 8 .  F’LEURONECTI[lAE
9 9 .  F’LEURONECTIIIAE JLJU,

1 0 0 .  ATHERESTHES  STOJIIAS
~.01.  EOPSETTA  JOROANI
102. HIF’F’OGLOSSOIOES  ELASSO[!ON
1 0 3 ,  ISOPSETTA  ISOLEPIS
1 0 4 .  LEPI[tOPSETTA  EIILINEATA
105, LIMAt411A ASF’ERA
1 0 6 .  LIMANOA  PROE{OSCIIIEA
1 0 7 .  F’LATICHTHYS STELLATUS
10$3. PLELJRCJNECTES  CN.J141U31TUBEFiCtJLATUS
1 0 9 .  HIPF’OGLOSSUS  STENtJLEPIS
110. TOTAL ALGAE
111. TOTAL INVERTEBRATES
1~2. TOTAL FISH
113. TOT6L F L A T F I S H
114, TOTAL BIOMASS
113. NO, S P E C I E S
11..S. DIVERSITY (H)
117. EVENNESS
11.8,  TOTAL ABUNDANCE

10
02
Eio
()1
——

0 . 0 0 0
0 . 0 0 1
0 . 0 0 0
0 . 0 0 0
0.283
0 ● 000
1 . 0 4 0
0.530
0 * 000
0 , 0 0 0
0.000
0 . 0 0 0
0 . 0 0 0
0 . 0 0 1
1.900
1.856
1.?01
7,000
1,070
, 3 4 9 9
1.901

10
02
60
01
. .

0+000
0.002
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
1.500
7.300
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
00000
0.164
9.07?
9,002
9,236
9,000
. 5 8 7 9
. 2 6 7 6
9, 236

10
03
2()
01
- -

0 . 0 0 0
0,890
0 , 0 0 0
0 . 0 0 0
0 . 0 0 0
0 * 000
1.500
32.50
0 . 0 0 0
1 * 250
5.000
,0044
0 , 0 0 0
II*O3
45,00
41.14
56.04
18,00
1,384
. 5 4 7 9
56 * 04

10
03
30
01
——

0+000
0 , 0 4 0
o+~30
0 , 0 0 0
1 . 0 0 0
0 . 0 0 0
0 , 7 4 0
19.00
0 . 0 0 0
~.~oo
t * 500
1.000
0 . 0 0 0
IO*IO
~7,8~
26.01
3 7 . 9 2
1 8 , 0 0
1 * 573
*3442
3 7 . 9 2

io 10;;
03 04

30 60 20
01 01 01
. . . . - - . -

0 . 0 0 0
0.123
0 . 7 5 0
0 . 0 0 0
10s00
0 , 0 0 0
04000
1 0 . 0 0
0 , 0 0 0
0 . 0 0 0
1, 750
0 , 0 0 0
~ , 000
4.225
1 4 . 9 0
14$13
~~,13
18*oo
1 +896
0.656
21*13

0 . 0 0 0
0+004
0 . 0 0 0
0 * 0 0 0
0.3!50
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
06000
0 . 0 0 0
0*000
0*000
3 . 0 9 1
4*516
0.354
7.607
16,00
1 . 5 8 0
, !5499
7.607

0s000
o + 000
0 . 0 0 0
0 ● 000
0 , 0 0 0
0 . 0 0 0
0+000
2+000
0 . 0 0 0
0 . 0 0 0
0.075
00000
0 , 0 0 0
1 ,~56
3.035
p,075
4,p9~
10400
1.754
.7616
4,291

10
04
30
01
- -

O*OOO
0 . 0 0 0
0 . 0 0 0
00000
0 . 0 6 0
0 , 0 0 0
0.185
1 4 . 0 0
0 ● 000
0 . 0 0 0
0 * 0 0 0
0 . 0 0 0
0 ● 500
1, 230
15.35
1 4 . 2 4
17,08
11,00
, 7 2 9 6

. 3 0 4 3
17.08

10
04
50
01
——

0 , 0 0 0
0 , 0 0 0
0 . 0 0 0
0 . 0 0 0
1 . 0 0 0
0 , 0 0 0
00130
, 0425
0 , 0 0 0
0 . 0 0 0
0, 750
0 . 0 0 0
0 * 000
0,274
3*002
1-942
3,276
10*OO
1 . 6 9 6
, 7 3 6 8
3 , 2 7 6

10
04
6 0
01
-—

0 * 000
0 * 000
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 * 000
1 . 0 0 0
1 0 . 0 0
0 . 0 0 0
0 . 0 0 0
0.825
0 . 5 0 0
0 . 0 0 0
0.142
15,63
12.32
1!5.77
13000
1 . 1 7 1
,4565
15.77

10
0 6
~f)
01
-—

0*000
0 . 2 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 * 000
0+000
0,000
0 * 000
0 . 0 0 0
0 , 4 0 0
0 . 0 4 0
0,075
2 1 . 3 0
0.765
0 , 6 4 0
22.14
11,00
.3415
, 1424
2~,~4

10
0 6
50
01
——

0 . 0 0 0
0.01!5
0 . 0 0 0
0 . 0 0 0
0 ● 000
0 ● 000
0.075
1 0 . 0 0
0 * 000
0 . 0 0 0
0 , 0 0 0
0 ● 000
0 . 0 0 0
0 . 4 7 6
1 0 . 1 4
IO*O9
10.61
8 . 0 0 0
, 2742
*1319
1 0 . 6 1

10
06
60
01
-—

0 . 0 0 0
0 . 0 0 0
0 . 8 3 5
0 , 0 0 0
0 . 2 0 0
0.150
3 * 0 0 0
1 1 . 5 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 3 3 5
1 6 . 0 4
1 5 . 6 8
1 6 . 3 7
11*OO
. 9 9 8 5
. 4 1 6 4
1 6 . 3 7
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24 . 2?;
19090
~~,~o
14*OO
1,518
. 3 7 5 4
2!5.80

0 . 0 0 0
0.000
0 * 0 0 0
o * 000
0 . 0 0 0
0 . 0 0 0
3.064
3 . 4 0 4
0 ● 000
0 . 0 0 0
0 , 0 0 0
0,230
0 . 0 0 0
9*E)40
13.15
6 . 6 9 8
22.99
10*OO
1 *423
.6181
p~,99

0 . 0 0 0
0, 290
0 * 0 0 0
o * 000
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
~,~oo
0 . 0 0 0
9,418
0 . 0 0 0
0 . 0 0 0
0 . 0 5 0
0.587
p3,43
1~,~1
2 4 * 2 4
16000
1.507
, S436
:!4*p4

0 . 0 0 0
0.050
04000
0 . 0 0 0
0,000
0 * 0 0 0
0*150
8 . 7 3 0
0 . 0 0 0
0 * 0 0 0
04140
0 * 000
0.010
0,078
9 * 4 2 8
9*07EI
9.516
11*OO
,4371
, ~8~3
9.316

0 . 0 0 0
0.17s
0 . 0 0 0
0 . 0 0 0
0 * 0 0 0
0 . 0 0 0
4.500
1.000
0 . 0 0 0
0,000
0 . 0 0 0
0 . 0 9 0
0 . 0 0 0
5*842
9.460
5.765
15.31
15,00
1.s71
0.S80
15431

0 . 0 0 0
0 . 1 9 0
0.000
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
40000
~,~oo
0 . 0 0 0
0 . 0 0 0
0 , 0 0 0
0 . 0 0 0
0 . 0 0 0
~.9~6
8.705
6*690
~.1.75
1 1 . 0 0
1 .7!$2
, 7 3 0 8
11*75

0 . 0 0 0
0 . 0 0 3
0 * 0 0 0
0 . 0 0 0
0 . 0 1 0
0 * 0 0 0
0 * 0 0 0
1.500
0+000
0 , 0 0 0
5 ● 0 0 0
0 . 0 0 0
0 . 0 0 0
1.690
9*730
6.513
1 1 . 4 3
11.00
1.477
,.4161
1 1 . 4 3

o.oc~o
1 . 3 6 0
0 * 000
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
. 4 5 3 9
41,(>5
0 . 0 0 0
0+310
i*475
0 . 0 0 0
0 . 0 0 0
04520
4.9.06
45. ?4
48.58
11,00
.6s31
.2723
48.58

0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0.000
0 . 0 0 0
0 . 0 0 0
3+041
,5901
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
00000
0 . 0 0 0
3.7s0
4 . 0 6 6
3*631
7.816
1.0.00
1, 5:!0
0..560
7.816

0 . 0 0 0
0 . 0 2 0
0 . 0 0 0
0 . 0 0 0
0.085
0 * 000
1 0 . 0 0
1.929
0 . 0 0 0
0 . 0 0 0
1.000
0, 000
0 . 0 0 0
2,179
15,58
1 3 . 0 3
17*75
15. ()()
1 . 4 2 5
, =j~~l
17.75

0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
1*135
9,034
0 . 0 0 0
0 , 0 0 0
0 . 0 0 0
1.362
0,042
0 . 9 1 6
1 1 . 3 9
1 0 . 5 3
12.35
13.00
14224
, 4 7 7 3
12,35

0 , 0 0 0
0 . 0 0 0
0 , 0 0 0
0 . 0 0 0
0.000
0 * 0 0 0
● 4539
04250
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 , 0 0 0
0,035
1, 530
1 . 4 4 1
+ 7039
3+306
16.00
1 +878
● h775
3.306

0 . 0 0 0
0 , 0 1 5
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 , 0 0 0
1 . 4 7 5
0 . 1 7 0
0 , 0 0 0
0 . 0 0 0
0 * 000
0 . 0 0 0
0 , 0 0 0
1.i35
2.303
1..560
3 . 6 3 8
14.00
1. S69
.s947
3 . 6 3 8
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(continued)

1 .
‘J ,
3.
4.
5.
h.
7 .
8.
V*

10*
1 1 .
120
1 3 .
14,
15*
1 4 .
1 7 ,
18,
1 9 .
~(),
21*
~~  ●

23,
~4*
p~ ●

26.
~7,
28,
29,
:30,
31.,
-J3 ,
33,
3 4 .
35,
36.
:37.
:38.
.394
40.
4j,,
4 2 .
43.
44,
45,
46.
4 7 .
4EI,

MONTH
TRANSECT

[lEF’TH
FiEF’LICATE

!;PECIES

CHLOROF’HYTA
PHAEOF’HYTA
RHOIKF’HYTh
ZCJSTERA  MfiFiINfi
F’CJRIFERfi
HYtlROIllfI
ZOOANTHARIA  ACTINIARIA
ANEHONE  5P. 1 6
ZOANTHARIA  ACTINIhRIA  NYNANTHEAF:
METRIIIIUM  SENILE
F’0LYCHt4ETA
F’OTAMILLA  RENIFORMIS
GASTROF’OIIA
tlfiRGARITES  F’UPILLUS
TRICHOTFiOF’IS INSIGNIS
TRICHOTROF’IS  CANCl:L1.A”rh
VELUT3.NA LAEVIGfiTt?
NATICA CLAUSA
F’OLINICES  F’ALLIIIA
FUSITRITON  OREGONENSIS
NUCELLA SF’.
i?ERINGIUS  NEF{ING1
LIOMESUS NUX
NEF’”1’LJNEA  LYRATfI
NU!JIBRANCHIA
flOF’ALIA  HINDSI
BIVALVIA
flYTILUS  EIWLIS
POIIODESMUS  SF’.
CYCLOCARIJIA  SF’.
AS1’ARTE  SF’* J(JV  s
SEF;F{IF’E5  GROEN1.AN[!ICUS
SFIS~JLA  SF’,
SILI13UA  F’ATU1.A
tiACOMA  SP,
TELLINA  LLITEA
TELLINA  NUCULOIIIES
H16TELLA  ARCTICA
CIRRIFEIIIA
[IECAFOOA
}{IFF’OLYTIDAE
F’AGUti’I[lAE
F’ARALIINOD[:S  CAMISCHATICA
MAJI[!AE
OtKIGONIA  C;FMC3,LIS
HYAS LYRATUS
CHIONIECETES  W’.
CHIONOECF:7ES  OPJLI()

Jo
“1 1
6()
01
. .

0 . 0 0 0
0 * 0 0 0
0 , 0 0 0
0 . 0 2 0
0.000
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0.000
0 . 0 0 0
0 * 000
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
0.(,00
0 . 0 0 0
0 . 0 0 0
0.()()0
0 . 0 0 0
0 , 0 0 0
0 , 0 0 0
0 . 0 0 0
0 , 0 0 0
0 . 0 0 0
0 . 0 0 0
0,000
0 . 0 0 0
0 , 0 0 0
0 , 0 0 0
0 . 0 0 0
0.000
0, 13:;
O.?lo
0, 000
0 . 0 0 0
0.075
0.000
0.00::;
0 . 0 0 0
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(continued)

SPECIES

98. PLEURONECTILME
9 9 0  F’LEURONECTIDAE  JUV.

1 0 0 .  ATHERESTHfZS  STOMIAS
1 . 0 1 .  EOF’SETTA  JOFf[IANI
1 0 2 .  HIF’F’OGL@SSOIII.ES  ELASSC)I!ON
103, ISOF’SETT14 l’SOLEPIS
104. LEF’IDOF’SETTA 131LINEATA
1 0 3 .  LIMANDA ASFKWI
1 0 6 ,  LIMANIIA  FFiOtiOSCIIIEA
1.07+ F’LATICHTHYS  STELLATUS
1 0 I 3 ,  F’LEIJRONECTES  (W6[IRITUBERCULATUS
1 0 9 .  HIF’F’OGLOSSUS  STENOLEF’15
110, TOTAL ALGAE
Ill, TOTAL INVERTEBF{ATES
1 1 2 .  TOTfIL F I S H
113. TOTAL FI.ATF15H
1.14.  TOTAL BIOMASS
113. NO. S P E C I E S
116, DIVERSITY (H)
1.17.  EVENNESS
1.18, TOTAL PiRUNIIANCE

10
11
(s0
01
. -

0.000
0.050
0 . 0 0 0
0,000
1 * 000
0 . 0 0 0
8$000
1.250
0,000”
0 * 000
0 . 0 0 0
0 . 0 0 0
0 . 0 0 0
7,j.11
17.(>-?
10*3O
~4.90
20,00
2 . 0 8 7
.6?.57
24*9O



APPENDIX F

RAW DATA FROM SEA OTTER SURVEYS

DISTANCE JUNE 1?82

OFFSt{OFiE 2 3 4 5 6 7 8
(MILES)

9 10
AR

II
6 11 AB 4 B 68 14B 6.8 A El A B All

—-------  -- -. --- --— --- --- --— --- --- ___ --- ___ ___ .-_._ ___ ___ --- ___ ___ ___ ___

o -  2
p- 4
4 -  6
6 -  8
8 - 1 0

1 0 - 1 2
1 2 - 1 4
1 4 - 1 6

DIsTANCE
OFFSHORE

(MILES)
- - - - - - - -

(j- 2

~- 4
4 -  6
6 -  8
8 - 1 0

10-12
1 2 - 1 4
1 4 - 1 6
1 6 - 1 8
18–20
~o-~~
22-24
z4—26
2 6 - 2 8
2 8 - 3 0

0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0

13

AR
- - -  - - -

0 0
1 0
0 0
1 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0

; :

0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0

14

6 B
---—__

0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0
0 :

0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0

15 16

A El A B
--- --- ___ ___

o 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0

0 0
0 0
0 0
1 0
0 0
0 0
0 0
0 0

0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0

8 1
0 0
0 0
0 0
0 0
0 0
0 0
0 0

.J(Jt/E  1982
17 18 19 20

4B A B A R A B
--- --- --- ___ ___ __ . . ___ __ .

0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0

0 0
0 0
0 0
0 0
0 0
1 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0

0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0

0 0
0 0
0 0
0 0

0
;0
o 0
0 0

2 0
0 0
0 0
0 0
0 0
0 1
0 0
0 0

12
A B

- - - - - -

0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0

21 22 23

A B 6.8 All
--- --- --- --- --- ---

0 1 0 0 1 0
0 0 0 0 0 0
0 0 0 0 2 0
0 0 0 0 0 0
0 0 0 0 0 0
3 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 1 0
1 0 0 0 1 0
10 0 0 0 1
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
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APPENDIX F

(continued)
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